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ISSUES / TECHNOLOGY REQUIREMENTS 

SOUP PROPULSION 


CASES: 

• HIGH RELIABILITY CASE JOINTS AND ATTACHMENTS COMPATIBLE WITH 

OPTIMIZED COMPOSITE DESIGNS (1) 

• COMPOSITE CASE DESIGN AND ANALYSIS METHODOLOGY (5) 

• CASE MATERIALS AND MATERIAL FORMS SUITABLE FOR 
ENVIRONMENTALLY SAFE, LOW COST. RELIABLE. HIGH RATE PRODUCTION (1 ) 

• CASE EQUIPMENT AND PROCESSES SUITABLE FOR LOW COST/HIGH 

RATE PRODUCTION (1) 

• COMPOSITE CASE CODE DEVELOPMENT (1) 

• SELF-INSULATING CASE (1) 

• LOW COST/RAPID TURNAROUND CASE TOOLING (1) 
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ISSUES /TECHNOLOGY REQUIREMENTS 

SOLID PROPULSION 

NOZZLES: 

• CHARACTERIZATION OF MATERIAL RESPONSE AND CONSTITUTIVE 

MODELING OF ABLATIVE MATERIALS ( 4 ) 

• PROCESS UNDERSTANDING AND LIMIT DETERMINATION FOR OPTIMIZATION 

AND CONTROL OF NOZZLE COMPONENTS ( 4 ) 

• NOZZLE FAILURE CRITERIA, DAMAGE, MATERIAL VARIABILITY AND EFFECTS 

OF DEFECTS (3) 

• ROBUST ABLATIVE NOZZLE MATERIALS AND PROCESS DEVELOPMENT (4) 

• NOZZLE THERMOSTRUCTURAL CODE DEVELOPMENT (2) 

• NOZZLE DESIGN METHODOLOGY (3) 

• LIGHTWEIGHT, LOW TORQUE FLEX BEARING DESIGN MATERIALS, AND 

PROCESS DEVELOPMENT (1) 

• ENVIRONMENTALLY SOUND CLEANING PROCESSES FOR CASE AND 


SOUP PROPULSION 

NOZZLES(CONT): 

• CORRELATION OF CHEMICAL PROPERTIES TO MECHANICAL PROPERTIES 

FOR CRITICAL NOZZLE MATERIALS, STRUCTURAL ADHESIVES. ABLATIVE 
COMPOSITES, FLEX SEAL ELASTOMERS (1 ) 

• LOW COST ABLATIVE NOZZLE MATERIALS AND PROCESS DEVELOPMENT (1) 

• DESIGN GUIDE FOR NOZZLE STRUCTURAL ADHESIVE SELECTION (2) 

• CARBON-CARBON CHARACTERIZATION AND MICROMECHANICAL MODELING (1) 

• CONSTITUTIVE MODELING AND FAILURE CRITERIA FOR NONINSULATORS (2) 

• EROSION MODELING OF NOZZLE MATERIALS (1) 

• LARGE NOZZLE 3D CARBON-CARBON ITE AND BACKUP INSULATOR 

DEVELOPMENT AND CHARACTERIZATION (2) 
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ISSUES / TECHNOLOGY REQUIREMENTS 

SOLID PROPULSION 

BONDUNES/PROPELLANT: 

• MATERIAL AND PROCESS VARIABILITY REDUCTION (3) 

• ANALYTICALLY DRIVEN TEST TECHNOLOGY FOR PROPELLANT AND 

BONDLINE CONSTITUTIVE MODEL DEVELOPMENT (1 1 ) 

• BONDUNE DESIGN FOR INSPECTABILI7Y (4) 

• BONDLINE STRUCTURAL AND HEALTH MONITORING METHODOLOGIES (5) 

• BONDLINE CONTAMINATION STUDIES (1) 

• PROPELLANT AND BONDLINE FAILURE CRITERIA (7) 

• EFFECTS OF DEFECTS FOR BONDLINES (5) 

• CLEAN SOLID PROPELLANT DEVELOPMENT AND VERIFICATION (1) 

• BONDUNE PROCESSING PROTOCOL (REPAIR/REWORK) (1) 

• NDF FOR PROPELLANT 0) 


SOUP PROPULSION 

INSULATION: 

• THERMOPLASTIC ELASTOMER (TPE) INSULATOR FABRICATION 
TECHNOLOGY AND BONDLINE CHARACTERIZATION FOR LARGE MOTORS (2) 

• ADVANCED BONDING CONCEPTS FOR LINERLESS INSULATION 

DEVELOPMENT (2) 

• LOW COST INSULATION PERFORMANCE TEST METHODOLOGY 

DEVELOPMENT AND CORRELATION WITH MOTOR PERFORMANCE (1 ) 

• FIBER/POLYMER INTERACTION TAILORING FOR DEVELOPING IMPROVED 

FIBER FOR INTERNAL INSULATORS (1 ) 

• SPRAYABLE SOLVENT-FREE, HIGH TEMPERATURE TPE THERMAL 

PROTECTION (EXTERNAL) SYSTEM (1) 

HYBRID ROCKET PROPULSION: 

• HYBRID ROCKET PROPULSION FEASIBILITY DEMONSTRATION (2) 
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ISSUES / TECHNOLOGY REQUIREMENTS 


LIQUID PROPULSION 

• IMPROVED FABRICATION PROCESSES (11) 

• IMPROVED ANALYSIS AND TEST METHODS («) 

• PROPELLANT COMPATIBLE MATERIALS (E) (6) 

• IMPROVED BEARING AND SEAL MATERIAL AND FABRICATION 

PROCESSES (E) (7) 

• IMPROVED COMBUSTION CHAMBER MATERIALS 

DEVELOPMENT (E) (7) 

• IMPROVED TLIRBOPUMP MATERIALS (4) 

• IMPROVED NOZZLE MATERIALS (4) 

• DEVELOP GLOBAL MATERIALS AND PROCESSES DATA BASE (3) 

• LIGHTWEIGHT STRUCTURAL MATERIALS DEVELOPMENT (2) 

• LIGHTWE IGHT INSULATION MATERIALS DEVELOPMENT (E) <1 ) 

• IMPROVED ENGINE HARDWARE (4) 


LIQUID PROPULSION SYSTEMS SUBPANEL 

ISSU ES/T ECH NOLOG Y REQUIREMENTS 


DESCRIPTION: 

• iAPRCVED FABRICATION PROCESSES 

MILESTONES AND RESOURCE REQUIREMENTS: 

BACKGROUND A RELATED FACTORS: 

RECOMMENDED ACTIONS: 

• OPTIMIZATION OF FABRCATXX PROCESSES 

• FULL-SCALE COMPONENT TRIALS FOR COMBUSTION 

IS REQUIRED TO INCREASE YELD AND 

CHAMBER FABRICATION TECHNOLOGY 

QUALITY AND REDUCE COST 

- PLASMA SPRAY FORMING 

- CURRENT SSMEMCC PROCESS TME 

- PLATELET TECHNOLOGY 

COULD BE REDUCED BY 70% 

- LIQUID WTERFACE DIFFUSION BONDED (U08) 

• DEMONSTRATION OF FABRICATION 

- TUBULAR CONSTRUCTON 

PROCESSES ON FULL SCALE HARDWARE 6 

• CHARACTERIZATION OF B4PR0VED FABRICATION 

REQURED TO DEFNE PROCESS 

PROCESSES 

IMITATIONS AND ASSURE TRANSITION TO 

• NEAR NET 5HAPE FABRICATION 

PRODUCTION 

• F WE -GRAINED CAST WGS 

• SUPERPLASTIC FORMING ENGME COMPONENTS 

- MACHINING OF HIGH ASPECT RATIO COOLANT 
CHANNELS 

- ELECTROFORMING 

- INFLATION FORMED LASERWEIDED COOLANT 
TUBES 

• JOWWG PROCESS DEVELOPMENT FOR FULL-SCALE 
ENGNE 
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LIQUID PROPULSION SYSTEMS SUBPANEL 

ISSUES/TECHNOLOGY REQUIREMENTS 



BACKGROUND A RELATED FACTORS: 

• INADEQUATE ANALYSIS AND CERTIFICATION TEST 
PROGRAMS FOR LONG LIFE ENG WE COMPONENTS 
AND SYSTEMS 


RECOMMENDED ACTIONS: 

• DEVELOP DURABUTY MODELING PROCEDURES N 
ONE COMPUTER COOE THAT ACCOUNT FOR 

* CYCUC WE LAST C CONCXTONS 

* CRACK WRIATION AND GROWTH 

• DEVELOP TESTING METWOOS TO EVALUATE THE 
AGING CHARACTERISTICS OF MATERIALS AND 
COMPONENTS W A TIME PERIOO SIGNFCANTIY 
SHORTERTHAN THE ACTUAL KTENDED SERVICE 
UFE 



MILESTONES AND RESOURCE REQUIREMENTS: 

• EPA-DRJVEN REQUIREMENTS (ENABLMG) 


BACKGROUND A RELATED FACTORS: 

• FUELS FOR SPACE SYSTEMS MAY DEGRADE 
MATERIALS BEHAVIOR 

- HYDROGEN 

- SULFUR N HYDROCARBONS 

- NfTROGEN TETROXDE 

- HYDRAZNE 

• MATERIALS WHICH RUB IN AN OXDZING 
ENVIRONMENT MAY IGNITE AND BURN 

• ENVRONMENTAL CONCERNS DICTATE ELIMINATION 
OF HAZARDOUS MATERIALS 


RECOMMENDED ACTONS: 

• HYDROGEN RESISTANT MATERIALS 

• MPRGVED MATERIALS FOR RUBBING W OXYGEN 
ENVIRONMENT (WPEILERS, TURBINES. BEARNGS, 
ETC) 

• ENVIRONMENT AUY COMPATGLE MATERIALS FOR 
PRE-CLEAN WG AND FWE-CLEAMNQ 

• METHOD TO NEUTRALIZE EFFECTS OF NfTROGEN 
TETROXCE 94 RCS VALVES AND PLUMBWG 

• EFFECTS OF MPURfTY ADOfTIONS W HYDROGEN 

• FUNDAMENTAL STUDY OF MATERIAL BEHAVIOR N 
OXYGEN 
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LIQUID PROPULSION SYSTEMS SUBPANEL 

ISSUES/TECHNOLOGY REQUIREMENTS 


DESCRIPTION: 

• IMPROVED BEARING ANO SEAL MATERIAL ANO 
FABRICATION PROCESSES 

MILESTONES AND RESOURCE REQUIREMENTS: 

• CfiYOOWC* LONG WEAR TEETER 
- LOXCAPAMJTY 

. rrvc hydrostatic kanno <ena*lnoi 

BACKGROUND t RELATED FACTORS: 

• TURBOPLIMP BEARWGS ARE LFE-UWmNQ N SSME 

• CONTINUED IMPROVEMENT OF BEARINGS AND 
SEALS IS REQUIRED TO INCREASE RELIABILITY OF 
REUSABLE ENGINE SYSTEMS 

• DEVELOPMENT OF HYDROSTATIC BEARNGSWU. 
PROVIDE SIMPLER DESIGNS. EASE OF 
MANUFACTURE AND HIGHER STIFFNESS AND 
DAMPNG WITHOUT STEADY-STATE WEAR 

RECOMMENDED ACTIONS: 

• OONTNUE OCVELOMSNT Of ROLLMO ELBAOfT KAAMO 
MATERIAL! FOR CRYOOBRC APPLICATIONS 

• CONTINUE DEVELOPWOfT OF BCARWG CArfU MATERIAL! 
WHCH PROVCE SO (JO LUBRICATION TO THE ROOMS 
ELEMENTS 

• DEVELOP IMPROVED SEAL MATERIAL! 

. NVESTTGATE MATERIAL! FOR APPLICATION TO CRVOOORC 
HYDROSTATIC KARMOB 

• OEVELOP FOS BEARMQS 

. OONTVJUE WVESTKMDON OF DUAL PROPERTY KARMO 
RACE PROCESS##! 

• WVESTXMTE TVC APPLICATION OF CERAMC MATERIAL! N 
CRYOOS4C BEARNQB 

• INVESTIGATE THE APPLICATION OF MANOCRYSTALLME 
MATERIAL! TO KARMQ! 


Propulsion Systems Panel 

LIQUID PROPULSION SYSTEMS SUBPANEL 

BASE RAT PROGRAM 


FINDINGS: 

• TECHNOLOGIES HAVE BEEN PRIORITIZED WITH A VIEW TOWARD RELATIVELY 
NEAR TERM REQUIREMENTS 

• A SUBSTANTIAL BASE RAT PROGRAM IS ALSO REQUIRED TO ADDRESS 
HIGH-PAYOFF TECHNOLOGIES 

• SIGNIFICANT POTENTIAL EXISTS FOR SHARING ADVANCED TECHNOLOGY 
RESEARCH BURDEN WITH OTHER GOVERNMENT AGENCIES AND INDUSTRY 

RECOMMENDATIONS: 

• A LONG-RANGE TECHNOLOGY PLAN TO DEFINE LONG-TERM PRIORITIES 

• AN AGGRESSIVE INITIATIVE TO ESTABLISH TECHNOLOGY-SHARING 
AGREEMENTS WITH OTHER INSTITUTIONS SUCH AS: 

- CERAMIC TURBINES WITH AIR FORCE 

- ELECTRIC PROPULSION WITH AF AND SDI 
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LIQUID PROPULSION SYSTEMS SUBPANEL 

PERIPHERAL TECHNOLOGIES 


FINDINGS: 

• MAJOR PERFORMANCE-ENHANCING TECHNOLOGIES HAVE BEEN IDENTIFIED 
WHICH ARE NOT CLEARLY WITHIN THE PURVIEW OF MATERIALS AND 
STRUCTURES: 

- CFC-FREE INSULATIONS 

- GELLED PROPELLANTS 

• QUAD CHARTS OF THESE TECHNOLOGIES ARE INCLUDED IN THE PANEL 
REPORTS 

RECOMMENDATIONS: 

. THESE TECHNOLOGIES TO BE CONSIDERED FOR INCORPORATION INTO THE 
CODE R RESEARCH PLAN 


LIQUID PROPULSION SYSTEMS SUBPANEL 

ISSUES/TECHNOLOGY REQUIREMENTS 


DESCRIPTION: 

. HIGH REUABAITY CASE JOINTS/ ATTACHMENTS 
COMPATBLE WTTH OPTIMIZED COMPOSITE DESIGN 

MLESTONES AND RESOURCE REQUIREMENTS: 

BACKGROUND A RELATED FACTORS: 

RECOMMENDED ACTIONS: 

• DEF1CIENCES: 

• DEVELOP CASE OESIGNS WHICH MINIMIZE OR 

- JO NT DC SONS HEAVY/STRUCTURALLY 

E UMN ATE JOfTTS 

^EFFICIENT 

• OPTIMIZE JOINT DESIGNS COMPATIBLE WITH 

• LOW RELIABUTY 

COMPOSITE S-EUMN ATE HOLES, MNMIZE LOCAL 

- NCOMPATBLE WITH OPTWIZED COMPOSITE 

REINFORCEMENTS 

DESIGN 

. SYSTEMS APPLICATIONS: 

. CRITICAL NEED FOR ALL SYSTEMS U5NG 
COMPOSITE CASES 

. BENEFIT SPAYOfTS 

. MPROVED RELIABILITY 
- REDUCED WEIGHT 
• REDUCED COST 

• FABRCATE/TEST JOKT DESIGNS 
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LIQUID PROPULSION SYSTEMS SUBPANEL 

ISSUES/TECHNOLOGY REQUIREMENTS 


DESCRIPTION: 

• CHAAACTEACATWN Of MATERIAL RESPONSE AHO OONiTTnmVt 
UOOCLNQ Of AAUTIVf MATERAL* 

- CHEMICAL D€OOMPC*mC* PHYSIC* 

* PYHOLY*!* GA* ROW 

- MATERIAL PROPWTY CHWIACTSWZATION 

- DCVO.OPWRREOMOOCU 

MILESTONES AND RESOURCE REQUIREMENTS: 
• (E PA DRIVEN REQUIREMENTS) (ENABLING) 

BACKGROUND A RELATED FACTORS: 

RECOMMENDED ACTIONS: 

• ocnctaoa: 

• DESIGN ANC CONDUCT EXPLORATORY LABORATORY 

- THEflMOfTRUCTURAL RESPONSE Of ABLATIVE* MOT 

CXFEANENT1 TO CHARACTERIZE ICY PROPCRTIGS 

WFTO0ITIY UNDERSTOOD FOR RELIABLE DESKM 

• PERFORM ANALYSIS TO SUPPORT ElffERRCNT OCSION, 

- PORE PRESSURE OOCAATON • THE UPCERLYWO 

DATA NTERPRETATION AND MOOtt CORRELATION 

CAUSE Of POCXTHG. PLY UFT, WE DOE OUT. 


DE LAM HATTON. 

• OCYtLOP CONSTTTVnVE RELATIONS POA THERMAL, GAB 

- CURRWT STATE -Of TWEART M NOZZLE DOWN 

ROW AND STRUCTURAL MOOELMG 

ANALYSE LACKS EJ0>UC/T TREATMENT Of PORE 

• OFTERMNE THE NECESSITY FOR COUPLEDrPAOGRESSIVC 

PRESSURE 

ANAL VSR 

. Si PROVED CONSTfrUTTVE RELATIONE ARE REOU WED 

• CONSTRUCT AND CONDUCT ANALOG EXPERSIENT1 TO 

FOR ACCURATE ANALYTICAL PREDICTIONS AND SAF E 

VALE ATE MOO ELS 

DESIGNS 

• EXPLORE TX USE Of UICR0MECHAN1CAL MODELS TO 

. SYSTEM APPLICATIONS: 

SAPROVE ANALYSIS TRACT AMUTY 

• ALL SYSTEMS USJNG A8UTTVE TPS NCLUDPO 

• NVESTXiATE TX EFFECTS Of PROPERTY VARIATION IV 

RSFM. ASRM. Ni. AND ALL OTXR SOUD ROCKET 

CHARACTERING ALTERNATE MATERIALS 

MOTORS (POTENTIAL APPUCATKN N ©FTRY 


SYSTEM) 


• SOIEFTTS/PAYOFT*: 


• TW8 EFFORT * THE «Y TO OPTIMIZED DOWN. 


SAP ROVED REIiABNJTY, CORRECT MATERIAL 


SELECTION AND LOWER SYSTBAS DEVELOPMENT 


AND OPERATIONAL OOCTS 



DESCRIPTION: 

• PROCESS UNDERSTANDING AND UMfT 

DETERM NATION FOR OPTIMIZATION AND CONTROL 
OF NOZZLE COMPONENTS 

- TAPEWRAPPEDCURED ABLATIVES 

- FlEXSEAL FABRICATING 
• ADHESIVE BONDING 

MILESTONES AND RESOURCE REQUIREMENTS: 

BACKGROUND ft RELATED FACTORS: 

RECOMMENDED ACTIONS: 

• DEFCENCES: 

• PERFORM DESIGNED EXPERIMENTS TO OENT1FY 

• MATERIAL AND PROCESS VARIABLE INFLUENCE ON 

CRITICAL PROPERTIES 

CRrr CAL PROPERTCS IS NOT SUFFCENTLY 

• EVALUATE MATERIAL AND PROCESS VARIABLE 

UNDERSTOOD FOR DESIRED RELIABUTY 

INFLUENCES ON CRITICAL PROPERTES 

• LACK OF UNDERSTANDING OF PROCESS REDUCES 

. ABLATIVES 

MANUFACTURING YELD 

- PERUEABUTY 

• SYSTEM APPLICATIONS: 

- INTERLAMINAR PROPERTIES 

• ALL SYSTEMS INCLUDING RSRM, ASRM. TIT AN, 

- MCROSTRUCTURE 

SRMU, AND NLV 

- VOLATILE SMOISTURE 

• BENEFrTS/PAYOFFS: 

- FLEXSEAL 

• THIS EFFORT CONTRIBUTES NCREASEO 

- SHftAELASTOMER NTERFACIAL BONDING 

RELIABUTY. REPROOUCIBHJTY. ANO 

• ADHESIVES 

MANUFACTURING YCLD 

- BOND STRENGTH 

• ESTABLISH RAW MATERIAL ANO PROCESS LftirrS 
AND CONTROLS 

• VERIFY ANO VALIDATE PROCESSES ANO CONTROLS 


217 












LIQUID PROPULSION SYSTEMS SUBPANEL 

ISSUES/TECHNOLOGY REQUIREMENTS 


DESCRIPTION: 

• PROPELLANT AND BONDLilE MATERIAL AND 

process variablty reduction 

- ttSULATON, LNER, ADHESIVE. AW) PROPELLANT 
VARUBUTY OETERMNATDN 

- PROCESS CONTROL AND MONITORNG 

- TQM PHILOSOPHY INTERACTION WTTH MATERIAL 
SUPPLER* 

MILESTONES AND RESOURCE REQUIREMENTS: 

BACKGROUND * RELATED FACTORS: 

• DEFCCNCE8: 

♦ IMPACT OF RAW MATERIAL VARlABLfTY AND 
NON-CON FORMING MATERIALS ON BONO 
STRENGTH AND PROCESSES IS NOT FULLY 
KNOWN 

• LACK OF QUANT1FCATION OF PROCESS 
VARIABLES ON CRITICAL PROPEFTTES 

• SYSTEM APPLICATION: 

• ALL CURRENT AND PROJECTED SOLD ROCKET 
MOTORS 

• BENEFTTSPAYOPFS 

* REDUCED MATERIAL AND PROCESS VARIABILITY 
WU LEAD TO IMPROVED RELIABILITY AND 
REDUCED FABRICATION COST 

RECOMMENDED ACTIONS: 

• DCNTFY CRITICAL MATERIALS AND ACCEPTANCE 
TESTS WITH SUPPUER INTERACTION 

« CONDUCT STATBTICAL TESTS TO DEFWE DEGREE 
OF VARUBlfTY OF COMPONENTS PROPERTIES AND 
EFFECT ON BONDUNE STRENGTH AND PROCESSES 

• DEVELOP A CRADLE- TO-GRAVE ANALYTICAL 
PROCESSING MOOEL TO CONTROL AND MONITOR TO 
A STATE (I E DEGREE OF CURE) NOT TME, 
TEMPERATURE, PRESSURE. ETC 

• ESTABLBHED oqnoqo criteria 


HY6M0 &N& OPeeATtON 


r 


cas cweeAroe 


Ace Arm Notice 
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LIQUID PROPULSION SYSTEMS SUBPANEL 

ISSUES/TECHNOLOGY REQUIREMENTS 


DESCRIPTION: 

. HYBRIO ROCKET BOOSTER DEMONSTRATION 

- DEVELOP OOOCS AND EXPERIMENTAL DATA BASE 
FOR THE DESIGN Of LARGE HYBRID ROCKET 
MOTORS 

- DEMONSTRATE HYBRIO ROCKET MOTORS AT 
BOOSTER THRUST LEVELS (1 50K-1 SM t> THRUST) 

MILESTONES AND RESOURCE REQUIREMENTS: 

• TEST FACLfTY CAPABLE OF: 

• 1 5M4 THRUST 

• 3J500 btoc LOX FLOW Q 1200 pM 

BACKGROUND A RELATED FACTORS: 

RECOMMENDED ACTIONS: 

• HYBRID ROCKETS OFFER: 

• COOE DEVELOPMENT AND DATA BASE AT 5004, 

• INERT HANDLING 

15X4, AND 150K4 THRUST LEVEL (JOINT 

- CLEAN EXHAUST 

NASA/CORPORATE IRAO PROGRAMS) 

- ELIMINATION OF EXPLOSIVE HAZARDS ANO 

. 750K4 THRUST DEMONSTRATION 

EFFECTS OF DEFECTS N CRACKS AND DEBONDS 

• HYBRID ROCKETS CAN BE: 

* THROTTLED 

- SHUT DOWN 

• THE COST OF HYBRIO BOOSTERS IS ESTIMATED AT 
10% TO 100% OF SR Ms AND MUCH LOWER THE LR0* 

• HYBRIDS USE EXISTING TECHNOLOGY FOR CASE, 
NOZZLE. AND LOUD FEED SYSTEMS 

• HIGHER l«p THAN SOUDS ANO EQUAL TO THAT OF 
LGXHYDROCARBON 

• 1.5M4 THRUST DEMONSTRATION 


FINDINGS: 

• INTERFACE ACROSS GOVERNMENT AGENCIES IS CRITICAL FOR TECHNOLOGY 
TRANSFER TO AVOID DUPLICATION OF EFFORT 

• CONCURRENT ENGINEERING IS ESSENTIAL FOR THE SUCCESSFUL 
DEVELOPMENT OF A SOLID ROCKET MOTOR SYSTEM 

• KEY TECHNOLOGY REQUIREMENTS OFFERING THE POTENTIAL TO 
SIGNIFICANTLY REDUCE COST, IMPROVE RELIABILITY AND PERFORMANCE OF 
SOLID ROCKET MOTORS ARE COMMON ACROSS ALL SUBSYSTEMS 

- UNDERSTANDING AND CONTROL OF MATERIAL AND PROCESS VARIABILITY 

- ANALYTICALLY DRIVEN TEST METHODOLOGY DEVELOPMENT AND 
IMPROVED CONSTITUTIVE MODELS 

- ESTABLISHMENT OF FAILURE CRITERIA 

- UNDERSTANDING EFFECTS OF DEFECTS 

- DESIGN FOR INSPECTABILTY 

- ENVIRONMENTALLY DRIVEN PROCESS AND TECHNOLOGY DEVELOPMENT 

• SOLID PROPULSION INTEGRITY PROGRAM (SPIP) AND ALS LOW COST CASE 
INSULATION AND NOZZLE (LOCCIN) PROGRAMS ARE CORNERSTONES FOR 
TECHNOLOGY DEVELOPMENT AND TRANSFER (COMMUNICATION WITHIN 
INDUSTRY) 
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LIQUID PROPULSION SYSTEMS SUBPANEL 

ISSUES/TECHNOLOGY REQUIREMENTS 


RECOMMENDATIONS: 

• FORM A TECHNICAL STEERING GROUP WHICH CONTAINS REPRESENTATIVES 
FROM THE MAJOR PROPULSION HOUSES. MEMBERS FROM THE JANNAF 
STRUCTURES AND MECHANICAL BEHAVIOR SUBCOMMITTEE. THE COMPOSITE 
CASE SUBCOMMITTEE. AND THE ROCKET NOZZLE TECHNOLOGY 
SUBCOMMITTEE STEERING GROUPS UNDER A CHARTER TO PROMOTE AND 
ENHANCE SOLID ROCKET MOTOR TECHNOLOGY 

• UTILIZE A MULTIDISCIPLINARY APPROACH IN PREPARATION OF RESEARCH 
AND DEVELOPMENT PROPOSALS TO ADDRESS TECHNOLOGY REQUIREMENTS 
AND AS A CRITERIA FOR FUNDING 

• IMPLEMENT THERMAL ANALYSIS IN FLEXSEAL AND PHENOLIC MANDREL TOOL 
DESIGN 

• TRANSFER DEVELOPED NOZZLE DESIGN. ANALYSIS. AND TESTING 
TECHNOLOGIES THROUGH ESTABLISHMENT OF REGULARLY SCHEDULED 
SEMINARS. HANDBOOK DEVELOPMENT. AND ACCESSIBLE COMPUTERIZED 
DATA BASES 


Propulsion Systems Panel 


"BRIDGING THE GAP" 

• FORMALIZE THE PROCESS FOR TECHNOLOGY TRANSFER 

- PROVIDE GUIDANCE TO TECHNOLOGY DEVELOPERS IN THE RTOP CALL 

- MAJOR PROGRAM DIRECTORS/CHIEF ENGINEERS TOP TEN* LIST OF 
TECHNOLOGY NEEDS 

- KEEP MAJOR PROGRAM DIRECTORS/CHIEF ENGINEERS INVOLVED IN THE 
TECHNOLOGY REVIEW PROCESS 

- REVIEW AND COMMENT ON DEVELOPERS PROPOSED RESPONSE TO 
TECHNOLOGY NEEDS LIST 

- PROMOTE TECHNOLOGY TRANSFER BETWEEN DEVELOPER AND PRIME 
CONTRACTORS (ESTABLISH EARLY COMMUNICATION LINKS BETWEEN 
TECHNOLOGY DEVELOPERS AND TECHNOLOGY USERS - PRIME AND 
SUBCONTRACTORS) 

- USE TECHNOLOGISTS AS AN INTERNAL CONSULTING RESOURCE 

• BUILD ON THE INFORMAL PERSONAL RELATIONSHIPS BETWEEN TECHNOLOGY 
DEVELOPERS AND TECHNOLOGY USERS ESTABLISHED IN THE STRUCTURES 
AND MATERIALS WORKSHOP 
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ISSUES / TECHNOLOGY REQUIREMENTS 

NUCLEAR PROPULSION 

• NTP FUELS/COATINGS (E) 

• NEP REFRACTORY ALLOYS (E) 

• NEP FUELS (E) 

• NEP RADIATOR MATERIALS (E) 

• NTP NOZZLES (SPi) 

- TURBOPUMP MATERIALS (SPI) 

• LIGHT-WEIGHT TANKAGE / INSULATION (SPI) 

• HI TEMPERATURE THERMAL & ELECTRICAL INSULATION (SPI) 

• PRESSURE VESSELS (SPI) 

• NON-FUEL COATINGS (SPI) 

• HI TEMPERATURE SEALS 

• NEUTRONIC CONTROL MATERIALS 

• LIGHT RADIATION SHIELDING 

• RADIATION HARD, HI TEMPERATURE ELECTRONICS 


NUCLEAR PROPULSION SUBPANEL 

ISSUES/TECHNOLOGY REQUIREMENTS 


DESCRIPTION: 

NTP FUELS AM) COATKOS: 

• -100% FISSION PRODUCT RET&fHON 

• TTCRMALSTABVTY {LOW MASS LOSS ATTttOOOKNHS NSW} 

• HIGH MELTMO PONT ( > S400K) 

• HIGH FU6, DENSITY flUJ »1 0%) 

• TVERMAL SHOCK RESISTANCE 

• SLOW DEGRADATION MECHANCMS 

• CHEMCAL COUPATMJTY WITH OOATNG AND MATRIX MATERIALS 

• HIGH SURFACE AREA TO VOLUME RATIO 

• FAflfiCABHJTY 


BACKGROUND * RELATED FACTORS: 

• PMSAT1C CAJtMDE FUELS {MOST EXPERIENCE. TRL4) 

- PROVW OPERATKG EXPERI&1CE TO 2750K FOR JH N HI 

- SUBJECT TO THERMAL SHOCK CRACWNG, A HI CORROSION 

- PLAU6BLE DESIGNS UP TOXOOK EXIT TEMP AACTAAM 

• CERMET RB’RACTOftY FUELS (SAFEST, MOST RELIABLE) 

• ROBUST FUG. DESIGN, CCMPATIMJE WTTH HI 

- fflOH FBWON PROCHJCT RETENTION 

- LOW ISP AND THRUST/WEJGHT 

• PARTICLE BED CAIWDC FUELS (BEST PERFORMANCE) 

- UGH THRUSTWEttHT. HIGH OP SLATING TEMPERATURE 

- MOH FUEL LOSS AND FISSION PRODUCER RELEASE 

- NO EXPERf&ICE FOR LONG UFE, HIGH TECHNOLOGY RISK 

• GASEOUS FUELS (UOST VOITO 

OONTASMCTT AND COMFATBHJTY OF GAS PHASE FUEL 


MILESTONES AND RESOURCE REQUIREMENTS: 

• DEVELOPMENT, CHARACTERIZATION, AND EXPILE TESTMO TO 
SELECT HIGH TBAPERATURE NTP FUB, • IMS 

• MOOFYTES7NG FABURES AND PERFORM PROTOTYPICAL 
TESTS - IMS 

• CONSTRUCT NUCLEAR FURNACE AND TEST ASSEMBLES * IMS 

• RAD GN ADVANCED CONCEPTS • CONTNUNO 


BUDGETS DEP8« ON NUMBER OF CONCEPTS, HONEST 
EVALUATIONS SHOULD BE COMPLETED BEFORE CONCEPT 
SPECIFIC TESTNO 


RECOMMENDED ACTIONS: 

• REDUCE CONCEPTS BY PCFNNG CRITERIA, ELM KATYA) 

NON PERFORMERS, DOWN SELECTKG, AM) COMBMSiG DESIGNS 

. START RAD ON COMMON FUELS A OOATKG TECFKOLOGY ISSUO 
« CONSTRUCT TESTKG FAdUTEB 

. START RAD TO DEMONSTRATE EVOLUTIONARY SAPROV0JOFT M 
SAFETY AND PERFORMANCE (NCR EASE TBJE A TBAPERATURE) 

• START FABRICATION AND CHARACTERIZATION DEVELOPMENT 

• START PROTOTYPICAL FUEL ELEMBfT TESTKO 

• GENERATE DATA TO: 

- SUPPORT ENGNEERNO DESIGNS 

- OUAJJFY OPERATKG UAAGNS 

• PREDICT RELIABILITY 

• COMPLETE SAFETY ANALYSES 
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NUCLEAR PROPULSION SUBPANEL 

ISSUES/TECHNOLOGY REQUIREMENTS 


DESCRIPTION: 

. NEP REFRACTORY ALLOY TECHNOLOGY FOR ALL 
MAJOR SUBSYSTEMS 

* LIFETIMES > 2 YEARS AT TEMPERATURES > 1 500K 

- COMPATBUTY WrTH CANDIDATE FUELS 

- COMPATBUTY WfTH WORKING FLUCSANO 
COOLANTS 

- HIGH STRENGTH AT OPERATING TEMPERATURES 

* RESISTANCE TO RADIATION DAMAGE 

- READLY FABRICATED INTO COMPLEX 
COMPONENTS 


MtESTONES AND RESOURCE REQUIREMENTS: 

• RECEIVE PROOUCT FORMS OF CANDIDATE MATERIALS 
BY 1994 

• ACOU« PRELIMINARY DATA BASES -1»6 

• MECHANICAL PROPERTCS TESTS AND DESIGN 
VAL CATION 

• WWXATON DAMAGNQ EFFECT 

- WORKING FLUD AND COOLANT COMPATIBILITY 

• OOVW SELECT OPTIMUM ALLOY FOR REFERENCE 
SYSTEM DESIGN * 19S7 

. ACQUIRE ENGNEERING DATA BASE SUITABLE FOR 
APPROVAL FOR GROUND OPERATION OF REACTOR-200S 


BACKGROUND A RELATED FACTORS: 

. MOST CANDIDATE ALLOYS ARE NOT IN PRODUCTION 
NOW 

• A SIGN FCANTTECHN CAL DATA BASE EXISTS FROM 
THE SPACE POWER PROGRAMS (1*60*$) AND THE 
SP-tOO {1M0*5) 

• Mb AND Ta-flASED ALLOYS HAVE A HIGH LEVEL OF 
DEVELOPMENT 

- COMPLEX COMPONENTS SUCCESSFULLY 
FABRICATED 

- LARGE DATA BASE 

* Mo AND W BASED ALLOYS HAVE A LOWER LEVEL OF 
MATURITY 

- OFF CULT TO FABRCATE 

- LMfTED TO MODEST DATA BASE 


RECOMMENDED ACTIONS: 

• REDUCE CANDOATE CONCEPTS AND SELECT 
CANDDATE MATERIALS 

• DEVELOP MATERIALS SPEC F CATIONS 

• OPTIMIZE FABRCATION METHODS 

• CENTFY SUPPLY INFRASTRUCTURE 

• GENERATE PREUUNARY DATA BASE FOR 

- RADIATION DAMAGE EFFECTS 

- COMPATIBILITY WTTH COOLANT 4 WORK MG FLUIDS 

- HGH TEMPERATURE MECHANICAL PROPERTES 

• REFURBISH FACUT1ES TO SUPPORT THE ABOVE 


DESCRIPTION: 

IILESTONES AND RESOURCE REQUIREMENTS: 

• MEP FUELS ANDCLADOMGL 

HON BURNUP; 10-39 AT % POP UOUIO luETAl COOLED AND 
yt AT % FOP OAS COOLS) REACTOR* 

• LOW FISSION GAS RELEASE AM) SWELUNO 
FUB>CUU)OMG/F«&*ON PROOUCT COMPATIBILITY 
FUEL ClAOOWO NTEGRfTY 

• HON CREEP STRENGTH CLADWNO MATERIALS 

• THERMIONIC FUEL ELEMENT HTEORTTY 
- BEMGN OFFNOfBAAL PERFORMANCE 

> OCVELOPUWTOFfTABLEFUBJ-IM* 

• LAB SCALE COMPATBUTY TESTS*! ISM 

• PPOTOTYPCAL FUEL EL&AOfT TESTNG 

- SWOLE PM IRRADIATION TESTWG - IMS 
FUEL ASSEMBLY TESTMQ - fOOO 

- SYSTEM SELECTION 300# 

• NTEGRATED GROUND 94CWEERMG SYSTEM TEST FAC4JTY - 304S 


• BUDGETS DEP04O 04 NUMBER OF CONCEPT* HONEST 
EVALUATIONS SHOULD BE COMPLETED BEFORE CONCEPT 
SPECIFIC TESTNG 

BACKGROUND A RELATED FACTORS: 

RECOMMENDED ACTIONS: 

• UOUO MITTAL COOLED REACTOR FUELS 

- DEMONSTRATE UN OPERATION AT 3 AT. % BURMUP AT I400K 

- OP0LAT1CN TO H AT. % AT 1 900K PLAUSIBLE 

- DEMONSTRATED U04 TFE OPERATION AT 1400K FOP t YEAPi 
OPERATION FOP 16 YEARS AT 3400K PROBLEMATICAL 

• OAS COOLED REACTOR FUELS 

• OPERATES WELL BELOW FUELS 1 MATERIALS CAPABSmE* 

• OPERATES WAY BEYOND BURNUP EXPERIENCE BASE 

• REDUCE CONCEPTS BY DEFMMO CWTEMA. ELMNATNB 
NON-PERFORMERS, DOWN SELECTNG. AND COMBNNG DESIGNS 

• DEVELOP AND TEST STABLE, COMPARABLE, HIGH TEMPERATURE 
FUELS 

. ST ART PROTOTYPICAL HIGH PUfWUP IRRADIATION TE5TN0 
PROGRAM 

• CONSTRUCT GROUPS) TESTB4G FACCJTES 

• dOCRATEDATATO: 

SUPPORT 0AGWEEJWG DESIGNS 

THE MAJOR BSUES WITH NEP REACTORS ARE THE HfiGH BURNUP 
REOURED TO COMPLETE MISSION TBAES AND RELATNELY MOM 
TBJPERATURES REOU*S> TO DECREASE MASS TO- POWER RATIO 

- OUALTYOPERATMCMARGNI 

- PREDCT REUAMJTY 
COMPLETE SAFETY ANALYWB 
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NUCLEAR PROPULSION SUBPANEL 

ISSUES/TECHNOLOGY REQUIREMENTS 


DESCRIPTION: 

MILESTONES AND RESOURCE REQUIREMENTS: 

• LGHT, HIGH TEMPERATURE. HIGH PERFORMANCE 

• SELECT MATERIAL SYSTEM 1905 

RADIATOR MATERIALS 

- T>1000K 

• HIGH SPECIFIC CONDUCTIVITY 

- PROTECTION FROM ALKALI METALS 

• HIGH STRENGTK/5TIFFNESS 

- HIGH EMSSrvrTYCOATNG 

• RADIATOR PROTOTYPE DEMONSTRATION 19M 

BACKGROUND A RELATED FACTORS: 

RECOMMENDED ACTIONS: 

. REFRACTORY METALS WELL DEVELOPED BUT HEAVY 

* CARBON/CAABON 


■ SELECT MOST ROBUST HIGH CONOUCWTY FIBER 

• CARBOfVCARBON COMPOSITES USING HIGH 

STRENGTH FBERS DEVELOPED , BUT LOW STRAIN TO 

- DEVELOP COMPOSITE ARCHITECTURE TO REDUCE 
WEIGHT AND INCREASE THROUGH-THICKNESS 
CONDUCTIVITY 

FAILURE OF HIGH CONDUCTIVITY FIBERS LIMIT 

FABRICATION OF COMPOSITES. LIGHTWEIGHT 

* DEVELOP LIGHT PROTECTIVE LMER 

PROTECTION FROM ALKALI METALS ALSO A PROBLEM 

* OPT MIZE SURFACE EMtSSfVfTY 

• GRAPH ITE/COPPER UNDER DEVELOPMENT 

- GRAPH HE/COPPER 

WTERFACtAL STRENGTHWETTNG IS PROBLEM. 

■ OPTIMIZE INTERFACIAL BONDWG 

HEAVER THAN CARBONCARBON NEED PROTECT ON 

• DEVELOP JOINING PROCESS 

FROM ALKALI METALS 

- OPTIMIZE SURFACE EMtSSJVTTY 


• FABRICATE SUBSCALE RADIATOR SEGMENT 


Propulsion Systems Panel 


NUCLEAR PROPULSION SYSTEMS SUBPANEL 

FINDING: 

• OPERATING CONDITIONS LIKELY TO BE SIGNIFICANTLY OUTSIDE CURRENT 
EXPERIENCE BASE 

• MULTIPLICITY OF UNCERTAINTIES EFFECTING DURABILITY 

• LARGE NUMBER OF MATERIALS WHICH MIGHT BE CONSIDERED FOR VARIOUS 
COMPONENTS 

• CRITICAL MATERIALS ARE NOT AVAILABLE 

- NO LONGER PRODUCED 

- IN LABORATORY DEVELOPMENT 

- IN CONCEPTUAL STAGE ONLY 

• FUNDING PRECLUDES CONCURRENT DEVELOPMENT OF MANY CANDIDATES 
RECOMMENDATIONS: 

• ENSURE CONCURRENT ENGINEERING BETWEEN SYSTEM DESIGN AND 
MATERIALS DEVELOPMENT 

• ENSURE MINIMAL DUPLICATION IN QUALIFICATION OF MATERIALS BETWEEN 
DIFFERENT PROGRAMS AND CONTRACTORS 

• ENSURE ADVANCED DESIGN METHODOLOGY/VALIDATION IS INCLUDED EARLY 
TO ASSURE A HIGH PERFORMANCE, DURABLE. AND SAFE DESIGN 
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7.2.2 Supporting Charts 


Space Transportation Structures and Materials Workshop 

Propulsion Systems Panel 


ISSUES / TECHNOLOGY REQUIREMENTS 

SOUP PROPULSION 

J HERMAL ANALYSIS in flex seal and phenolic 
MANDREL TOOL DESIGN 

u?^kl^!- s J>9^ A n L ^!?J?9 HNOL ^ Y transfer by seminars, 

HANDBOOK DEVELOPMENT, AND COMPUTERIZED DATA BASES 


( 1 ) 

(D 


SOLID PROPULSION SYSTEMS SUB-PANEL 

ISSUE/TECHNOLOGY REQUIREMENT 


FINDINGS: 

• INTERFACE ACROSS GOVERNMENT AGENCIES IS CRITICAL FOR 
TECHNOLOGY TRANSFER TO AVOID DUPLICATION OF EFFORT 

• CONCURRENT ENGINEERING IS ESSENTIAL FOR THE SUCCESSFUL 
DEVELOPMENT OF A SOLID ROCKET MOTOR SYSTEM 

’ S!^,T££W2 L0GY requirements offering the potential to 
nc ?i&^99 s JJ MPROVE reliability and performance 

OF SOLID ROCKET MOTORS ARE COMMON ACROSS ALL SUBSYSTEMS 

- UNDERSTANDING AND CONTROL OF MATERIAL AND PROCESS VARIABILITY 

' DEVEL0PMENT AND 

- ESTABLISHMENT OF FAILURE CRITERIA 

- UNDERSTANDING EFFECTS OF DEFECTS 

- DESIGN FOR INSPECTABILTY 

- ENVIRONMENTALLY DRIVEN PROCESS AND TECHNOLOGY DEVELOPMENT 

’ PROGRAM (SPIP) AND ALS LOW COST CASE 

INSULATION AND NOZZLE (LOCCIN) PROGRAMS ARE CORNERSTONES FOR 
TECHNOLOGY DEVELOPMENT AND TRANSFER (COMIWNTCATO^ 
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SOLID PROPULSION SYSTEMS SUB-PANEL 

ISSUE/TECHNOLOGY REQUIREMENT 


RECOMMENDATIONS: 


FORM A TECHNICAL STEERING GROUP WHICH CONTAINS iirilB .„ 
REPRESENTATIVES FROM THE MAJOR PROPULSION HOUSES MEMBERS 
FROM THE JANNAF STRUCTURESANDME^CHANICAL BEHAVIOR 
SUBCOMMITTEE THE COMPOSITE CASE S UBCO MMITTEE, AND THE 
ROCKETNOZZLl TECHNOLOGY SUBCOMMITTEE STEERING GROUPS 
UNDER A CHARTER TO PROMOTE AND ENHANCE SOLID ROCKET MOTOR 
TECHNOLOGY 

UTILIZE A MULTIDISCIPLINARY APPROACH I IN ' P REP ^TJCN OF RESEARCH 
AND DEVELOPMENT PROPOSALS TO ADDRESS TECHNOLOGY 
REQUIREMENTS AND AS A CRITERIA FOR FUNDING 


• IMPLEMENT THERMAL ANALYSIS IN FLEXSEAL AND PHENOLIC MANDREL 
TOOL DESIGN 


TFtANSFER DEVELOPED NOZZLE DESIGN, ANALYSIS, AND TESTING 
tcSSoLOGIES THROUGH ESTABLISHMENT OF^LARL^EgJLED 
SEMINARS, HANDBOOK DEVELOPMENT, AND ACCESSIBLE COMPUTERIZED 
DATA BASES 


DESCRIPTION: 

• HIGH RELIABILITY CASE JOINTS/ATTACHMENT8 
COMPATIBLE WITH OPTIMIZED COMPOSITE DESIGN 

MILESTONES AND RESOURCES REQUIREMENTS: 

BACKGROUND A RELATED FACTORS: 

* DEFCIENCCS: 

■ JOINT DESIGNS HEAVY/STRUCTURALLY 
INEFFICIENT 
• LOW RELIABILITY 

- INCOMPATIBLE WITH OPTIMIZED 
COMPOSITE DESIGN 

. SYSTEMS APPLICATIONS: 

- CRITICAL NEED FOR ALL SYSTEMS USNG 
COMPOSITE CASES 

* BENE FIT S/P AYOfFS: 

- IMPROVED RELIABILITY 

- REDUCED WEIGHT 

- REDUCED COST 

RECOMMENDED ACTIONS: 

• DEVELOP CASE DESIGNS WHICH MWIMIZE OR 
ELIMINATE JOINTS 

. OPTIMIZE JOINT DESIGNS COMPATBLE WITH 
COMPOSITES-ELIMINATE HOLES, MINIMIZE 
LOCAL REINFORCEMENTS 
. FABRICATE/TEST JOINT DESIGNS 
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SOUD PROPULSION SYSTEMS SUB-PANEL 

ISSUE/TECHNOLOGY REQUIREMENT 


DESCRIPTION: 

• COMPOSITE CASE DESIGN AND ANALYSIS 
METHODOLOGY 

* DEVELOPMENT Of MATERIAL TEST METHOOS 

♦ FAILURE CRITERIA AND EFFECTS OP DEFECTS 

• COMPOSITE CASE PROCESS MOOEUNG 

• DESIGN GUIDE FOR COMPOSITE ROCKET MOTOR 

CASE8 

MILESTONES AND RESOURCES REQUIREMENTS: 

BACKGROUND 4 RELATED FACTORS: 

• OCFCCNCtCB: 

* LACK Of STANOAflOB FOR CASC DCSIQK/ ANALYSIS 

- CURftEWT MOOGJNO PROCEDURES ARC NADEOUATE 

- hkw cost of mu scale Tcmwo 

* MATERIAL PROPERTY OEFlNmO* » INACE OUATE 

* CURRENT PAIUWE CRITERIA ARC INADEQUATE 

- SCAUNO PHENOMENA MUST BE UNOERSTOOO 

* ANALYSIS AND TEST DATA ARE NOT AVAILABLE FOR 
OCTERMININO EFFECT Of DEFECT 

- NEED TO CONSCER ALTERNATIVE MANUFACTURlNO 
methoob 

(E a., inflatable manorcij 

- NEED to adore bs residual stresses from 
manufacturing 

• SYSTEM APPUCATIONB: 

* ALL SRM UTKJZMO FILAMENT WOUND CASES 

• BENEFIT 8 AND PAYOFF. 

* STANDARDIZATION TO 8TREAMLKETXE DESIGN AND 
VERIFICATION PROCESS, 

- MORE OPTIMUM DEMONS ANO LOWER COST Of 
DEVELOPMENT 

RECOMMENDED ACTIONS: 

• ASSEMBLE INTERDISCIPLINARY TEAM OF EXPERTS ft 
CASE DE SIGM'AN ALY3IS/TEST 

• DEVELOP CONSENSUS AND DOCUMENT RELEVANT 
THEORIES OF BEHAVIOR AS FUNDAMENTAL BASIS 
FOR DESIGN/ANALYSIS/TEST 

• DEFINE COMPREHENSIVE TEST REQUIREMENTS 

• DESIGN/ANALYZE/TEST ANALOG EXPERIMENTS FOR 
CASE DESIGN VERIFICATION 

- DEVELOP A COMPREHENSIVE MATERIAL PROPERTY 
DATABASE 

• CONDUCT ANALYTICAL CORRELATION TO UNIFY 
ANALOG, SUB* 9C ALE AND FULL-SCALE CASE 
RESPONSE WITH MATERIAL PROPERTY DATABASE 

• DEVELOP VERIFIED FAILURE CRfTERIA 

• EXPLORE THE EFFECTS OF DEFECTS 

• DOCUMENT TECHNOLOGY IN THE FORM OF A DESIGN 
GUIDE 


DESCRIPTION: 

• CASE MATERIALS/MATERIAL FORMS SUITABLE FOR 
ENVIRONMENTALLY SAFE, LOW COST. RELIABLE 
AND HIGH RATE PRODUCTION 

MILESTONES ANO RESOURCES REQUIREMENTS: 

BACKGROUNDS RELATED FACTORS: 

• DEFICIENCIES: 

- MATERIALS/MATERIAL FORMS POTENTIALLY 
UNSAFE, NOT SUITABLE FOR HIGH-RATE 
PRODUCTION, PROCESS SENSITIVE 

• SYSTEMS APPLICATIONS: 

■ CRITICAL FOR ALL COMPOSITE STRUCTURES 
WCLUOING CASES 

• BENEFITSPAYOFFS: 

• REDUCED PRODUCTION COST 

- ENVIRONMENTALLY SAFE MATERIALS 

- IMPROVED PERFORMANCE ANO RELIABILITY 

RECOMMENDED ACTIONS: 

• DEVELOP LOW COST/HIGH PERFORMANCE 
ENVIRONMENTALLY-SAFE FI8EFVRES1N SYSTEMS 

• DEVELOP PROCESS INSENSITIVE MATERIALS FORMS 
SUITABLE FOR HIGH-RATE PRODUCTION 

• DEMONSTRATE HIGH-RATE CASE PRODUCTION 
CAPABILITIES USING ANALOG CASES 
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SOUD PROPULSION SYSTEMS SUB PANEL 

ISSUE/TECHNOLOGY REQUIREMENT 


DESCRIPTION: 

• CASE EQUIPMENT/PftOCESS SUfTABLE FOR LOW 
COST/VDGH RATE PRODUCTION 

MILESTONES AND RESOURCES REQUIREMENTS: 

BACKGROUND A RELATED FACTORS: 

. DEFICIENCIES 

- SIOW/COSHY, LIMITED IN-PROCESS CONTROL 
. SYSTEMS AP PL CATIONS: 

. APPl CABLE TO FABRICATION FOR ALL 

COMPOSITE STRUCTURES, INCLUDING CASES 
• BENEFITSPAYOFFS: 

- IMPROVED RELIABILITY 
. REDUCED COSTS 

- HIGH-RATE PRODUCTION 

RECOMMENDED ACTIONS: 

• EVALUATE 8.0A IN COMMERCIAL COMPOSITE 
PROOUCTON SECTOR 

• SELECT/DEVEIOP OPTIMUM EQUIPMENT/PROCESS 
FOR LOW-COST* HIGH-RELIABILITY CASE 
PRODUCTION INCLUDING W-LINE PROCESS 

CON TROL/INSPECT ON 

• DEMONSTRATE TECHNOLOGY FOR SUB- AND 
FULL-SCALE ANALOG CASES 


DESCRIPTION: 

. COMPOSITE CASE ANALYS* CODE DEVELOPMENT 

- A COOE WHICH APPUC8 THE RESULTS OF TECHNOLOGY 
ADVANCEMENT 9 * THE AREA Of PREDICTING STRUCTURAL 
RESPONSE Of ROCKET MOTOR CASES 

- CODE TO EMPHASIZE THE 'CASE* SUT TO CONTAIN 
ACCURATE SUB-MODELS Of GRAIN. INSULATOR. BONOHJNE 
AND ATTACHMENT STRUCTURES 

* THE GOAL IS A STANDARDIZED COOE THAT PREDICTS CASE 
RESPONSE VERY ACCURATELY 

MILESTONES AND RESOURCES REQUIREMENTS: 

BACKGROUND A RELATED FACTORS: 

• DEFICBCW 

- NON STANDARD METHODOLOGY 

- DIFFICULTY W USING DESIGN DATA TO CREATE ADSDUATI MCOfLS 

- NADGOUATE MATERIAL PROPOTTY EYWHE5B ANONOOCAR 
THEOPW 

• HADEOUATE ACCOUNT HO FOR LARGE DC RUCTION AND ROTATION 
EFFECT* 

- UNSUBSTANTIATED FAJLU RE CRITERIA 

- UMtNOVH N STTU MATERIAL PROPERTie* 

- BULDUP OECMETRY NOT PREDICTABLE 

POOR SHEAR FLY MODBJS FOR YUOHT AND BOSS REGION* 

- 30 Y* JO. HOLES, ATTA<XLCNT* 

- POOR UODCLHG OF JOHTS 

- WTERFACE TO COMUEPC AL SOFTWARE ICAE) NEHJCD 

. HfTVAL CONDITIONS FOR ANALYSIS NEEDS TO REFLECT PROCESS** 
HBTORY CEO. RESIDUAL STRESS, MANDREL DEFOLIATION, FTC) 

• BYSTEM APPUCATIGNB: 

- APR. WTO ALL BOLD ROCK FT MOTOR CASE RBtXWBAENT* AND 
COMPOSITE Rja TAW* 

• BENEFIT* AND PAYOFF*. 

- MORE ACCURATE ANALY8B M*ROVE* DESIGN EFFICIENCY 
PROMOTE* PERFORMANCE UPGRADES AND CONTRMUTE* TO 
ENHANCED A aiASEJTY 

RECOMMENDED ACTIONS: 

• PHASE 1 PROGRAM TO ADDRESS STANDARDIZATION, USER 
FEATURES AND HTEGPATON WITH fcWLTPLE COMMERCIAL 
SOFTWARE PACKAGES IN THE CAO AND CAE AREAS. USER 
FEATURES TO B4CLUDE RAP® GEOMETRY OCFWmON UNKED 
TO DESIGN FEATURE, AUTOMATED MESH GENERATION. 
MATERIAL PROPERTY GENERATION USING ISCRO-MECHANICS 
AND COMPUTERIZED DATA BASES. WT ERF ACE TO BUCKING 
COOES. POST-PROCESSING FOR PLY STRESSES, FIBER 
STRESSES AND STRAINS 

. PHASE 2 PROGRAM TO ADORESS NONUNEAR MATERIAL 
BEHAVIOR (ANISOTROPY, SHEAR PLY, AND BONDLWE 
INTERFACES, SLIDING AND GAPPING OF J0WT3, LARGE 
DEFLECTIONS. NEAR INCOMPRESSIBILITY FOR GRAIN AND LOW 
SHEAR MODULUS MATERIALS. CRAZING. ETC ). PHASE 2 
SHOULD BE COORDINATED WITH AN EJff*UDRATORY TEST 
DRIVEN TECHNOLOGY DEVELOPMENT PROGRAM fT SHOULD 
ALSO BE DEVELOPED IN CONCERT WITH SUB- SCALE TEBT DATA. 

. PHASE 3 PROGRAM TO A00RE3S FAILURE CRITERIA, FRACTURE 
MECHANICS PROBABILISTIC PHENOMENA. IN SITU MATERIAL 
PROPERTIES. MOOEUNO UANUFACTUWNG EFFECTS (E G., 
RESIDUAL STRESS). OPTSIIZATION. PHASE 3 SHOULD 
DEMONSTRATE ACCURATE PREDICTION OF FULL SCALE CASE 
RESPONSE AND CONNECT TO COUPON ANO SUB-SCALE DATA. 


I 

1 
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SOLID PROPULSION SYSTEMS SUB-PANEL 

ISSUE/TECHNOLOGY REQUIREMENT 


DESCRIPTION: 

* SELF INSULATING CASE 


MILESTONES AND RESOURCES REQUIREMENTS: 


BACKGROUND A RELATED FACTORS: 

• DEFICIENCIES: 

- COSTLY MULTI-STEP NSULATON AND 
CASE FAB R CAT ON 

- POTENTIAL BOWLINE FAILURE 

• SYSTEMS APPLCATONS: 

* ALL SYSTEMS USING COMPOSITE CASES 

• BENE FIT S/PAYOFFS: 

- ELIMINATES BONDLINE FAILURE THEREBY 
IMPROVING RELIABILITY 

- REDUCED COST 


RECOMMENDED ACTIONS: 

• DEVELOP SEIF-H9ULATJNG CASE 
MATERIALS/PROCESS 

• FABRICATE/DEMONSTRATE SUB* AND FULL-SCALE 
CASES 


DESCRIPTION: 

• LOW COST/RAPIO TURN-AROUND CASE TOOLING 


MILESTONES AND RESOURCES REQUIREMENTS: 


BACKGROUND & RELATED FACTORS: 

• DEFCIENCIES: 

- TOOLING COST EXCESSIVE 

• REQUIRE LONG LEAD TIME 

• INCAPABLE OF ASSISTING PROCESS 
CONTROL 

• SYSTEMS APPLICATIONS: 

- ALL SYSTEMS USING COMPOSITE CASES 

• BENEFITS/PAYOFFS: 

• REDUCED COST 

- IMPROVED RELIABILITY 

- RAPID TURN-AROUND 


RECOMMENDED ACTIONS: 

• DEVELOP LOW COST/HIGH RATE TOOLING 
CONCEPTS 

* FABRICATE/DEMONSTRATE SUB- AND 
FULL-SCALE TOOUNG CONCEPTS 
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SOLID PROPULSION SYSTEMS SUB-PANEL 

ISSUE/TECHNOLOGY REQUIREMENT 


DESCRIPTION: 

• CHARACTERIZATION OF MATERIAL RESPONSE AND 
CONSTITUTIVE MOOCUNO OF ABLATIVE MATERIALS 

- CHEWCAL DECOMPOSITION PHYSICS 

- PYROLYSIS GAS FLOW 

• MATERIAL PROPERTY CHARACTERIZATION 

• DEVELOP VERIFEO MODELS 


MILESTONES AND RESOURCES REQUIREMENTS: 


BACKGROUND & RELATED FACTORS: 

• DEFICIENCIES 

■ THEFUA06TRUCTURAL RESPONSE OF ABLATIVES NOT 
SUFFICIENTLY UNDERSTOOD FOR RELIABLE DESIGN 

• PORE PRESSURE GENERATION » THE UNDERLYING CAUSE 
OF POCKETING, PLY LIFT, WEDGE OUT, DEIAMINATON, Me... 

- CURRENT STATE-OF-THE-ART H NOZZLE DESIGN AHALYSW 

lacks explicit treatment of pore pressure 

• IMPROVED CONSTITUTIVE RELATIONS ARE REQUIRED FOR 
ACCURATE ANALYTICAL PREDICTIONS AND SAFE DESIGNS 

• SYSTEM APPLICATION# 

- ALL SYSTEMS USING ABLATIVE TPS NCLUCXNO RSRM. ASRM. 
NLS. AND ALL OTHER SOLID ROCKET MOTORS {POTENTIAL 
APPLICATION M ENTRY SYSTEMS} 

• BENEFTTB/PAYOFF1: 

■ THIS EFFORT IS THE KEY TO OPTIMIZED DESIGN . IMPROVED 
RELIABILITY, CORRECT MATERIAL SELECTION AND LOWER 
SYSTEMS DEVELOPMENT AND OPERATIONAL COSTS 


RECOMMENDED ACTIONS: 

• OESKJN AND CONDUCT EXPLORATORY LABORATORY 
EXPERIMENTS TO CHARACTERIZE KEY PROPERTIES 

• PERFORM ANALYSIS TO SUPPORT EXPERM ENT DESIGN. DATA 
INTERPRET ATOM AND MODEL CORRELATION 

• DEVELOP CONSTITUTIVE RELATIONS FOR THERMAL. GAS 
FLOW AND STRUCTURAL UOOELMO 

• EXPLORE THE USE OF MICAOCHEMICAL MODELS TO IMPROVE 
ANALYSIS TRACTABHJTY 

• DETERMINE THE NECESSITY FOR COUPLEDPROORESSIVE 
ANALYSIS 

• INVESTIGATE THE EFFECTS OF PROPERTY VARIATION SY 
CHARACTERIZING ALTERNATE MATERIALS 

■ CONSTRUCT AND CONDUCT ANALOG EX PERM ENTS TO 
VALIDATE MODELS 


DESCRIPTION: 

* PROCESS UNDERSTANDING AND UMrr 

DETERM NATION FOR OPTIMIZATION AND CONTROL 
OF NOZZLE COMPONENTS 
. TAPE WRAPPED/CURED ABLATIVES 
* FLEX9EAL FABRICATION 
- ADHESIVE BONDING 

MILESTONES AND RESOURCES REQUIREMENTS: 

BACKGROUND A RELATED FACTORS: 

RECOMMENDED ACTONS: 

• DEFICIENCIES: 

• PERFORM DESIGNED EXPERIMENTS TO IDENTIFY 

- MATERIAL ANO PROCESS VARIABLE INFLUENCE ON 

CRITICAL PROPERTIES 

CRITICAL PROPERTIES IS NOT SUFFCENUY 

• EVALUATE MATERIAL AND PROCESS VARIABLE 

UNDERSTOOD FOR DESIRED RELIABILITY 

NRUENCES ON CRITICAL PROPERTIES 

* LACK OF UNDERSTAND MG OF PROCESS REDUCES 

- ABLATIVES 

MANUFACTURING YIELD 

- PERMEABILITY 

• SYSTEM APPLICATIONS: 

- INTERLAMINAR PROPERTIES 

• ALL SYSTEMS INCLUDING RSRM, ASRM. TITAN, 

- MICROSTRUCTURE 

SRMU. AND NIV 

- VOLATTLES/MOiSTURE 

• BENEFIT ^PAYOFFS: 

* FLEXSEAL 

* THIS EFFORT CONTRIBUTES INCREASED 

- SHIM/ELASTOMER INTERFACIAL BONDING 

RELIABILITY, REPROOUCIBUTY, AND 

- ADHESIVES 

MANUFACTURING YIELD 

** BOND STRENGTH 

• ESTABLISH RAW MATERIAL AND PROCESS LIMITS 
AND CONTROLS 


• VERIFY AND VALIDATE PROCESSES AND CONTROLS 
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SOLID PROPULSION SYSTEMS SUB-PANEL 

ISSUE/TECHNOLOGY REQUIREMENT 


DESCRIPTION: 

• NOZZLE FALURE CRITERIA 

CAfTERtA TO ASSESS PERFORMANCE 
AIKS VAR WM.rTY AS RELATED TO MATERIAL BSUE9 
OCFWE NHERfVT DCFICTt 
■ RELATE OCFBCT* TO PERPORMANCf 

DCTERAMC BEST NOC FOR DCTSCTION OF THESE 0EFECT1 

- EVALUATE MLIASU7Y OF HOC DETECTION 

- DCVHjOR SYSTEM PERROWANCC RELATED ACCEPT AWCf 

CJVTDMA 

- DCVVjOR MX>MATTRiAL*PROC<aB **TO*Y TVWkCCAMJTV 

- UTE1ZI ASOVt TO BORTAAMO IFWCT1 


MILESTONES AND RESOURCES REQUIREMENTS 


BACKGROUND A RELATED FACTORS: 

• ocFtcecsx 

■ THERE ARE NO COAWOM.Y ACCENTED PORMJLAT1CNS FOR FAJUJRf 
CRITERIA Of CARBON PHENOLIC* 

■ CURRENT NOE « NOT RRATED TO KNOWN DETECT* 

- NU-Tl AXIAL, OFF AXB, AND FRACTURE LCOiANCS DATA ARC 
REALLY LACK NO 

- NFLUENCEWrTHMANUFAC TOR NO VARIABLE SCN MATERIAL 
PROPERTY VARIATION S UWCNOVWrf 

- CURRENT ACCEPTANCE CRITERIA FOR NOHLE STRUCTURES ARE 
BASED ON SUBJECTIVE RULES RATHER THAN UND€RSTANC*M OP 
MYBIC-AL AND CHORCAL ASPECTS Of FALURf 

- MATERIALS ANO PROCESS VARIATIONS ARE WFFKULT TO TRACE 
OUR NO DOC RE FANCY REVKW 

• 0Y5TBHSAFMCAOCN: 

• ALL SRU BYSTEW8 WHICH USE AflLATWE THERMAL PROTECTION 

■YVTBWM 

• KNEFITWAYOfF* 

- NCLUDOMPRCWIDRaiABlJTY.MPROVHJDCBIGN/AHALYBB, 
HIGHER CCNnDWC* MAROZNB, AHC MPRCWED NBPfCTlON 
CAPAMJTY 


RECOMMENDED ACTIONS: 

• DETERMINE MULTVAJQAL, OFF AXIS. FRACTURE MECHANIC* 
AND OTHER DATA TO FORMULATE THE FAILURE CRITERIA FOR 
NOZZLE MATERIAL! 

• DEVELOP CORRESPONDENCE BETWEEN LOW CRITICAL 
VALUES AND APPROPRUTE NONDESTRUCTIVE 
TECHNIQUE* 

• EXPAND AND OPTIMIZE CAPABILITY SELECTED NOC 
TECHNIQUES FOR FULL SIZE COMPONENT! 

• CONFIRM CORRELATION BY APPLICATION OF SELECTED NDC# 
TO REAL COMPONENTS AND TESTS COMPARED FROM THOSE 
PARTS AT THE INDICATED LOCATION* 

• DEVELOP AND EVALUATE THE EFFECT* OF DEFECTS AND 
AQJNG ON CRITICAL PROPERTIES 

• DEVELOP ROBUST TESTS FOR CRITICAL PROPERTIES FOR 
USE AS ACCEPTANCE TEST* 

• DEVELOP SYSTEM FOR MATERIAL HISTORY TRACEABILITY 


DESCRIPTION: 

• ROBUST ABLATIVE NOZZLE MATERIAL AND 
PROCESS DEVELOPMENT 



BACKGROUND A RELATED FACTORS: 

• DEFICIENCIES 

■ CURRENT MATERIALS ARE DEFECT AND PROCESS 
SENSITIVE 

- PROMISING CANDIDATES EXIST BUT WARRANT 
MATURATION OF MATERIAL AND PROCESS 
CONTROL 

• SYSTEM APPLICATION 

- CURRENT AND PROJECTED LAUNCH VEHICLE 
SRET* (RSRM. ASRM, TITAN, SRMV AND DELTA) 
INCORPORATE ABLATIVE NOZZLE COMPONENT 

• BENEFIT OR PAYOFF 

- CONTRIBUTE INCREASED RELIABUTY, 
REPRODUCIBILITY. AND MANUFACTURING YIELD 


RECOMMENDED ACTIONS: 

• DEFINE MATERIAL REQUIREMENTS 

• ENGINEER MATERIALS WHICH ARE INSENSITIVE TO 
RAW MATERIAL AND PROCESS VARIATIONS 
(TARGET THROAT AND EXIT CONE) 

• EVALUATE CANDIDATE MATERIAL SYSTEMS 

• PAN FIBEFVLOW K PAN 

• ALTERNATIVE ARCHITECTURES 

• NONCONDENSATE RE SW S/HIGH CHAR YIELD 
- LOW DENSITY EXIT CONES 

• HARDWARE DEMONSTRATION AUOATION 
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SOLID PROPULSION SYSTEMS SUB-PANEL 

ISSUE/TECHNOLOGY REQUIREMENT 


DESCRIPTION: 

• NOZZLE THERMOSTRUCTURAL COOE 
DEVELOPMENT 

- COOE REQUIREMENTS DEFKmON 

- COOE DEVELOPMENT • 20/30 COUPLED NONLINEAR 
HEAT TRANSFER, PYROLYSIS GAS GENERATION 
AND aOW. ANO STRUCTURAL ANALYSIS 
CAPABILITY 

MILESTONES ANO RESOURCES REQUIREMENTS: 

BACKGROUND A RELATED FACTORS: 

RECOMMENDED ACTIONS: 

♦ DEFICIENCIES 

* CCNTFY THE EXTENT OF NECESSARY COUPLING BETWEEN 

- SOLID ROCKET MOTOR ANALYSIS COMMUNITY BEUEVEB 

THE VARIOUS DtSOftJMES 

THAT THE ONLY VALID SOLUTION METHODOLOGY FOR 

- EFFECT OF STRESS STATE ON PERMEABUTY 

ANALYZING SAM NOZZLES IS A COUPLED HEAT TRANSFER, 

• EFFECT OF MECHAMCAL STRAIN ON PORE PRESSURE 

PYROLYSIS GAS GENERATION-FLOW. AND SOLD 

- EFFECT OF STRESS STATE ON THERMAL CONDUCTIVITY 

STRUCTURAL ANALYSIS SOLUTION 

• OCFHE THE NUMERICAL TECHNIQUES ANO SOLUTION 

* A STRONG NEED EXISTS TO OEVELOP NUMERICAL 

ALGORITHMS NEEDED 

TECHNKXIE3 THAT EMPLOY NEW MATERIAL CONSTITUTIVE 

• JUDGE WHETHER PATH DEPENDENCES ARE REOU1RED 

RELATIONS. MATERIAL DECOMPOSITION MOOEUI. 
PYROLYSIS GAS FLOW MOOEL3 AND WHICH EXPLICITLY 

• THE COOE SHOULD BE SUET S4 STAGES, MOOEUNG THE 

ACCOUNT FOR PYROLYSIS GAS PORE PRESSURE 

SIMPLEST PHENOMENA FUST. FOLLOWED BY THE 
INCORPORATION OF MORE COMPLEX, COOKED PHENOMENA 

- CURRENT SOFTW ARE TOOLS CAN NOT PERFORM THE JOB 

ONCE THE COOE MAS REACHED A SUFFICIENT LEVEL OF 

• SYSTEMS APPLICATIONS. 

MATURITY 

- ALL SOLID ROCKET MOTORS WHICH USE ABLATIVE TPf 

• THE EFFORT WILL BE ACCOMPLISHED BY A MULTI-CO*** ANY 
TEAM COMPOSED OF EXPERTS IN THE VARIOUS DISCIPLINES 

• BENEFIT OR PAYOFF: 

ALONG WITH CONSULTANTS FROM GOVERNMENT AND 

• THIS EFFORT WILL DEVELOP THE NECESSARY SOFTWARE 
TOOL* FOR ACCURATELY PREDICTING THE 
THERMOBTRUCTURAL RESPONSE OF NOZZLE UNER 
MATERIALS IT WILL REDUCE OPERATIONAL AND 
DEVELOPMENT COSTS AND 14 PROVE RE LIABILITY 

UNIVERSITIES 


DESCRIPTION: 

* NOZZLE DESIGN METHODOLOGY 

- DEVELOP A TESTING AND CORRELATIVE ANALYSIS 
PHILOSOPHY WHICH CAN BE USED TO VERFY AN 
IMPROVED DESIGN/ ANALYSES METHOD 

- EVALUATE NEW MATERIALS (EG., PAN, BRAJO, 
LfPrPAA) ANO NOVEL DESIGNS 

- INCORPORATE PORE PRESSURE DRIVEN ANALYSIS 
METHOOOLOGY AND DEVELOP REQUIRED 
MATERIAL PROPERTIES 


MILESTONES AND RESOURCES REQUIREMENTS 


BACKGROUND A RELATED FACTORS: 

• DEFCEMCCS 

- CURRENT BOA TKERM05TRUCTURAL ANALYSES ARE 
D€ SIGNED JUST TO MEET MINIMUM CONTRACT 
REQUIREMENTS ANO DON'T REALLY IMPACT DESIGN 
DECISIONS 

• NEEDS EXIST TO VERIFY ANALYSIS RESULTS 

* SENSmVTTY TO MATERIAL AND PROCESS PARAMETERS * 
POORLY UNDERSTOOD SELECTING NEW MATERIALS FOR 
FUTURE NOZZLES IS MBKY. 

* THE POTENTIAL OF NEW MATERIALS IS COSTLY TO 
DETERMINE SCREEN I NO METHODS ARE INADEQUATE. 

- AFFECTS RELIABILITY, FABRICATION COST, UATERUL 
SELECTION. PRODUCTION EFFCCNCY, COST. 

• SYSTEM APPLICATIONS: 

• ALL SRU ABLATIVE NOZZLES (RSRM. ASRM, ALA. NIB. ETC.) 

• BENEFITS AND PAYOFF: 

- THIS IS KEY TO IMPROVED RELIABILITY, OPTIMIZED DESIGNS. 
PROPER UATERML SELECTION. ENABLES IMPROVED 
PROOuOBJIJTY, WEIGHT MINS412ATION. LOWER FABRICATION 
COflfT. 


RECOMMENDED ACTIONS: 

• DEVELOP A SERIES OF ANALOG TESTS WHERE EACH TEST 
ISOLATES A PARTICULAR PHYSICAL EVENT UNDER KNOWN 
BOUNDARY CONDITIONS SO THAT ANALYSIS CAN BE VERIFIED 
INCREMENTALLY 

• ANALYSIS OF ANALOGS SHOULD BE ITERATIVE WITH UPDATES OF 
THE ASSUMPTIONS AND APPROACH UNTIL GOOD CORRELATION 
IS OBTAINED 

• DEVELOP SENSITIVITY DATA THROUGH EXTENSIVE PARAMETRIC 
STUDIES DENT1FY USEFUL THEORETICAL DESCRIPTIONS OF 
TRENDS 

• UTILIZE BEST POSSIBLE COOC COMPATIBILITIES 

• EXTEND MOOEUNG METHODS TO NEW NOZZLE CONCEPTS 

• CONDUCT INTERACTIVE PROGRAMS BETWEEN 
MATERtALS/TEST /ANALYSIS FOR DESIGN EVOLUTION 

• DOCUMENT UATEfSAL PROPERTY ANO CODE INPUT DATA BASE 

• CHARACTERIZE PORE PRESSURE DRIVEN PROPERTIES FOR 
"NEW MATERULB 

• VERIFY ANALYSIS WITH HIGHLY INSTRUMENT ED SUB-SCALE 
MOTOR FNVNGS. 


232 













SOLID PROPULSION SYSTEMS SUB-PANEL 

ISSUE/TECHNOLOGY REQUIREMENT 


DESCRIPTION: 

• LIGHTWEIGHT, LOW TORQUE FLEX BEARING 

DESIGN. MATERIALS AND PROCESS DEVELOPMENT 

MILESTONES AND RESOURCES REQUIREMENTS: 

BACKGROUND t RELATED FACTORS: 

RECOMMENDED ACTIONS: 

* DEFICIENCIES: 

• DEFINE REQUIREMENTS 

- CURRENT FLEXSEALS ARE PROCESS SENSITIVE 

* ENGINEER MATERIALS AND PROCESSES TO 

- NOT OPTIMIZED FOR PERFORMANCE (WEIGHT. 

OPTIMIZE PERFORMANCE 

TORQUE) 

* EVALUATE CANOIOATES 

- NEW ELASTOMER AND SHIM MATERIALS AND 

* HIGH STRENGTVYHIGH- STRAIN ELASTOMERS 

FLEX SEAL DESIGN CONCEPTS ARE AVAILABLE TO 

- HIGH STRENGTH SHIMS 

OPTIMIZE PERFORMANCE AND REDUCE VARIABILITY 

• IMPROVED AND AUTOMATED PROCESSING 

- SYSTEM APPLICATION: 

(INJECTION) 

- ALL LARGE SOLID ROCKET MOTORS AND ETO 
BOOSTERS 

• BENEFIT OR PAYOFF: 

- IMPROVED RELIABILITY 

• REDUCED SYSTEM WEIGHT YIELDS INCREASED 
PAYLOAD CAPABILITY AND LOWER COST TO ORBIT 

• HARDWARE DEMONSTRATION AND VALIDATION 


DESCRIPTION: 

• ENVIRONMENTALLY SOUND CLEANING PROCESSES 
FOR CASE AND NOZZLE BONDWG 
- CHEMISTRY REQUIREMENTS 
• FACILITY REQUIREMENTS 



BACKGROUND A RELATED FACTORS: 

• DEFICIENCIES: 

• ENVIRONMENTAL REGULATION LIMIT USE OF 
VAPOR DE-GREASERS 

• OTHER SOLVENT SYSTEMS NAVE SAFETY AND 
EFFICIENCY ISSUES 

- PUBLIC PERCEPTION OF NASA CRITICAL TO 
CONTINUED SUPPORT 

• SYSTEM APPLICATION 

- ALL SRM CLEANING APPLICATIONS 

• BENEFIT OR PAYOFF 

• WPROVED RELIABILITY 

- ENABLWQ TECHNOLOGY 


RECOMMENDED ACTIONS: 

• WVOLVE CONTRACTORS AND NASA TECHNOLOGY 
CENTERS 

• INVESTIGATE TECHNOLOGY TRANSFER FROM 
AUTOMOTIVE APPLICATIONS 

• NCLUOE CORROSION RESISTANCE. BONO 
STRENGTH AND MANUFACTURABILITY IN STUDY 
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SOLID PROPULSION SYSTEMS SUB-PANEL 

ISSUE/TECHNOLOGY REQUIREMENT 


DESCRIPTION: 

» CORRELATION OF CHEMICAL PROPERTIES TO 
MECHANICAL PROPERTIES FOR CRITICAL 
MATERIALS 

- STRUCTURAL ADHESIVES 

- FLEXSEAL ELASTOMERS ABLATIVE COMPOSITES 

MILESTONES AND RESOURCES REQUIREMENTS: 

BACKGROUND & RELATED FACTORS: 

RECOMMENDED ACTIONS: 

• DEFICIENCIES: 

• CHARACTERIZE CRITICAL MATERIALS, ADHESIVES, 

- RELATIONSHIP BETWEEN RECEIVING INSPECTION 

ABLATIVES. NOZZLE ELASTOMERS 

AND MATERIAL PERFORMANCE IS UN-QUANTIFIED 

■ DETERMNE OPTIMUM METHOD OF INSTRUMENTAL 

- MATERIAL VARIATIONS HAVE DETRIMENTAL. 

ANALYSIS 

UNDOCUMENTED EFFECTS ON COMPONENT 

• PERFORM DESIGNED EXPERIMENT TO CORRELATE 

PERFORMANCE 

ANALYSIS TO MATERIAL PERFORMANCE 

* FAILURE NVEST1GATONS UNABLE TO GATHER 

CHARACTERISTICS 

NEEDED DATA FROM AFTER THE FACT EFFORTS 

• ESTABLISH STATOTCAL DATA BASE FOR EACH 

» SYSTEM APPLICATION: 

CRITICAL MATERIAL 

- ALL SRM SYSTEMS 


• BENEFIT OR PAYOFF 


- IMPROVED RELIABILITY 


- REDUCED FABRICATION COSTS 



DESCRIPTION: 

* LOW COST ABLATIVE NOZZLE MATERIALS ANO 
PROCESS DEVELOPMENT 

• V4NOVATIVE DESIGNS AND MATERIAL/ 
STRUCTURES ARCHITECTURES 

• RAW MATERIALS 

• PROCESS 

• LFE CYCLE COST DEFINITION' ASSESSMENT 


MILESTONES AND RESOURCES REQUIREMENTS: 


BACKGROUND & RELATED FACTORS: 

RECOMMENDED ACTIONS: 

• DEFICIENCIES: 

• DEFINE MATERIAL REQUIREMENTS 

• CURRENT SYSTEMS EMPLOY EXPENSIVE RAW 

• ENGINEER MATERIALS WHICH CONTRCUTE TO 

MATERIALS WHICH REQURE COMPLEX 

REDUCED COST 

PROCESSES 

• EVALUATE CANDIDATE MATERIAL SYSTEMS 

• COST AND RELIABILITY ARE DRIVERS FOR NEW 

- LOW COST FIBERS 

LAUNCH SYSTEMS 

- NET SHAPE FABRICATION 

- NEW MATERIALS AND PROCESSES ARE REQUIRED 

• INJECTION MOLDING 

TO MEET REDUCED COST GOALS 

• SYSTEM APPLICATION: 

- FUTURE SYSTEMS UPGRADES INCLUDING RSRM, 
ASRM, TTTAN AND NLS 

• BENEFIT OR PAYOFF: 

- REDUCED COST 

- INCREASED RELlAfllFTY 

• HARDWARE DEMONSTRATON/VAUDATION 
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SOLID PROPULSION SYSTEMS SUB-PANEL 

ISSUE/TECHNOLOGY REQUIREMENT 


DESCRIPTION: 

• DESIGN GUIDE FOR NOZZLE STRUCTURAL 
ADHESIVE SELECTION 

■ RECOMMENDED SELECTION TEAM STRUCTURE 

- RECOMMENDED SELECTION PARAMETERS 

- SCREENING TEST METHODS 
* OPTIMIZATION 



BACKGROUND & RELATED FACTORS: 

• DEFICIENCIES 

• 'EXPERT OPINION USED IN THE PAST TO SELECT 
ADHESIVES, NO OPTIMIZATION PROCESS 

- REQUIREMENT FOR SIMILARITY TO PREVIOUS 
APPLICATIONS LIMIT CHOICE OF MATERIALS 

- IMPORTANT SELECTION CRITERIA ARE NEGLECTED 
IN DECISION PROCESS 

• SYSTEM APPLICATION: 

- ALL NEW SRM NOZZLES 

- ADHESIVE REPLACEMENTS 

• BENEFIT OR PAYOFF 

- IMPROVED RELIABILITY FROM ROBUST DESIGN 

- IMPROVED PRODUCTION TIME 


RECOMMENDED ACTIONS: 

• APPLY CONCURRENT TEAMS TO SELECTION 
PROCESS 

• USE ANALYSIS CODES IN PRELIMINARY SELECTION 
PHASE TO ESTABLISH PROPERTY REQUIREMENTS 

• DOCUMENT ACTUAL SELECTION PROCESS IN A 
DESIGN GUIDE 


DESCRIPTION: 

• CARBON-CARBON CHARACTERIZATION ANO 
MCROCHEMJCAL MODELING 
- DATA FOR ADVANCED MOO El I NG (2G30) 

* EFFECTS OF DEFECTS/ACCEPTANCE CRITERIA 

• MATERIALS DATA BASE 


MILESTONES AND RESOURCES REQUIREMENTS: 


BACKGROUND A RELATED FACTORS: 

• DEFICIENCIES 

- A SRM HE REJECTED IN PART DUE TO NEGATIVE 
MARGINS 

- TECHNOLOGY DOES NOT EXIST TO UTILIZE AND 
DESIGN 30 CC HE AND OTHER CARBON-CARBON 
STRUCTURES 

- ANALYSIS INCONSISTENT WITH EXPERIENCE 

• DATA BASE DOES NOT EXIST FOR DESIGN 
(PARTIAL 2Q/P00R 30) 

• ENABLING TECHNOLOGY, IMPROVED REUABLfTY 

• SYSTEM APPLICATION: 

- SRM SYSTEMS WHICH USE CARBON-CARBON 
COMPONENTS 

• NASPANOOTV 

• BENEFIT OR PAYOFF 

- IMPROVED REUABLFTY 


RECOMMENDED ACTIONS: 

• ITERATIVE ANALYSIS/TEST PROGRAM FOR 
IMPROVED PREDICTION CAPABILITY 

• PROGRAM FOR CHARACTERIZATION OF EFFECTS 
OF DEFECTS, AND RELATIONSHIP TO NDE 

• DEVELOPMENT OF A PHYSICAL. MECHANICAL AND 
THERMAL PROPERTIES DATA BASE 
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SOLID PROPULSION SYSTEMS SUB-PANEL 

ISSUE/TECHNOLOGY REQUIREMENT 


DESCRIPTION: 

• EROSION MODELING OF NOZZLE MATERIALS 
. PARTICLE EROSION: MECHANICAL AND 
CHEMICAL MECHANISMS 

■ PARTICLE RADIATION: DATA AND MODELS ARE 
LACKING 

. CHEMICAL REACTIONS AT 8URF ACE: 

EQUILIBRIUM OR KWETCALLY CONTROLLED 
. SURFACE CONVECTIVE BOUNDARY CONDITION; 
TURBULENT, ROUGHWALl REGIME 


MILESTONES AND RESOURCES REQUIREMENTS: 


BACKGROUND & RELATED FACTORS: 

• DEFICIENCIES 

- SURFACE CANNOT BE PREDICTED WITH 
ACCURACY WITHOUT RESORT TO EMPIRICALLY 
DETERM NED ADJUSTMENT FACTORS: 
DEMONSTRATED IN FIRING AND FLIGHT 

• SYSTEM APPLICATION: 

- ALL SRM SYSTEMS. PARTICULARLY NLS BOOSTERS 

• BENEFIT OR PAYOFF 

- MORE ACCURATE PREDICTION OF PERFORMANCE 
AND INSIGHT INTO MATERIAL IMPROVEMENTS, 
RESULTING IN IMPROVED RELIABILITY 


RECOMMENDED ACTIONS: 

• CONSTRUCT AND CONDUCT EXPERIMENTS TO 
EXPLORE: 

. PARTICLE IMPACT ON CHARRING ABLATIVES 

- RADIATION HEAT LOAD AT SURFACE 

- CHAR-GAS CHEMISTRY 

- CONVECTIVE HEAT TRANSFER 

• LABORATORY, ARC-JET AND/OR GROUND TEST 

• ANALYZE DATA AND CONSTRUCT MODELS 

• VALIDATE MOOELS THROUGH ANALOG AND/OR 
PREDICTIONS OF GROUND FIRINGS 

• DISSEMINATE COMPUTER CODE MODULES 


DESCRIPTION: 

• cowrrruTvf moc€LXQ and fmjjae crihr* fob 

MCNNSULATOftS 

- IdCAJUftC FLEX BEARNG ELASTOMERIC MATERIAL KIFONH 

- DEVELOP OONBTTrUTVE RELATIONE FOR FLEX BEARNO 
aXTOMPFE 

- O0TAN JTBfNOTH PROPERTO FOR AtHGWEE 
DCYBJ3P FAUJRE CRfTCTIA FOR AOHC8F/E1 U8£D N N003LE 


MILESTONES AND RESOURCES REQUIREMENTS: 


BACKGROUND A RELATED FACTORS: 

• DC71CJEHC0 

• THEBE ■ CURRENTLY MO UNWERSALLY ACCEPTED APPROACH POP 
MOOELNG THE STRUCTURAL RESPONSE Of NOZZLE BONOLXES. 
BOAC AHALYB* MOOa THE BONOUNES A* A CONTWUUM MACK 
AS OTHERS VAOOa 1>€ SON DINES WTH CPflMQ aBJBTTS 

- THERE V CURRENTLY MO IN VERSAL1Y ACCEPTED FAUJBC 
CRITERIA POP NOZZLE SONOLNB 

• THERE ■ A LACK Of MATERIAL PROPER TO TO BU^OPT 
PROPOSED CONBTTTVTWE MOORS AW> FAEURE CftrTEPlA FOR 
ADHE9JVO USED N NOZZLE 8ON0UFCS 

- THEBE ft NO LNF/EBSALLY ACCEPTED APPROACH POP M30G-NQ 
N OZZLE FLIXSEARNOS BOAC NOZZLE MANUFACTURERS MODEL 
THE aASTOiCPIC MATERIAL USED M FLEX BEARINGS AS A LX EAR 
BLASTK MATERIAL WHEN, N FACT, TVCSE MATERIALS ARE MOT 
LXEARLY ftASTIC 

. THERE • ALACK OF AVAILABLE MATERIAL RESPONSE PROPERTIES 
TO SUPPORT PROPOSE DCONSTTTUTFrtMOOaS FOR 
ELASTOMERS USED 9i RXX BEAR MGS 

- THE STFFME8SES OF NOZZLE FLEX SEARINGS ARE GENERALLY NOT 
WELL FREOCTED. THE TRUE 5TFFNESS Of A FLO BEARNG ft 
MOT KNOWN INTI T>« R. EX BEAR NO IS SULT AND TESTED 

• SYSTEM APPLICATION: 

• ALLSOUD ROCKET MOTORS 

• BENEFIT OR PAYOFF 

MPRWED RfLIAMJTY 
REDUCE) DEVELOPMBff COST 


RECOMMENDED ACTIONS: 

• THE APPROPRIATE FORM OF THE CONSTITUTIVE 
RELATIONS FOR ADHESIVES USED AS NOZZLE 
BONDLINES SHOULD BE DETERMINED THROUGH 
EXPERIMENTAL METHOOS 

• CONSTITUTIVE COEFFICIENTS FOR ADHESIVE 
BONDLNES SHOULD BE DETERMINED 

• A NUMBER OF DIFFERENT FORMS OF A FAILURE 
CRITERIA FOR NOZZLE BONDLINES SHOULD BE 
INVESTIGATED 

• TESTING SHOULD BE CONDUCTED W ORDER TO 
SELECT THE APPROPRIATE FORM OF THE FAILURE 
CRITERIA AND TO DETERMINE THE STRENGTH 
PARAMETERS FOR ADHESIVES USED AS NOZZLE 
BONDLINES 

• CONSTITUTIVE RELATIONS FOR ELASTOMERIC 
MATERIALS SHOULD BE INVESTIGATED 

• TESTS SHOULD BE CONDUCTED TO DETERMINE THE 
APPROPRIATE FORM OF THE CONSTITUTIVE 
RELATIONS AND TO DETERMINE THE CONSTITUTIVE 
COEFFICIENTS FOR BONDUNES ANO ELASTOMERIC 
MATERIALS 
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SOLID PROPULSION SYSTEMS SUB-PANEL 

ISSUE/TECHNOLOGY REQUIREMENT 


DESCRIPTION: 

. LKRQE NOZZLE CARBON -CARBON ITE AND BACKUP INSULATOR 
DEVELOPMENT AHD CMARACTERCATtON 

• DEVELOP THE TECHNOLOGY REOURCD TO OCBIGN, ANALYZE. 
CHARACTERIZE AMO PROCESS LARGE CARBOH-CARBOH 3D FTE 
WITH OPTIMUM PROPf RT«» 

■ MAT CHAU CHARACTERIZATION, DE*»OH ANO AHALVW* 

* PROCCM UNDCFWT AMONG AND OPTIMUATON 

• PRODUCT VeWFICATON 


MILESTONES AND RESOURCES REQUIREMENTS: 
• NON -DEGRADING THERMAL STRUCTURAL INSULATOR 
DEVELOPMENT 


BACKGROUND A RELATED FACTORS: 

• DCFCCNCira 

- INABJLTTY TO ACCURATELY ANALYZE 30 G-C MATERMU 

- WAMJTY TO EXPERIMENTALLY OBTAIN NOWORTHOGOHAL 
PROPERTIES 

- PROCESSING SCALE-UP »8UES ARE UNKNOWN 

- INSPECTION TECHNIQUES LIMITED, EFFECTS OF DEFECTS 
NOT UNDERSTOOD 

■ MATERIALS DATA BASE »UMfTED. NO DATA EXISTS ON NEW 
FIBER SYSTEMS 

■ FALURE CRITERIA ARE INSUFFICIENT 

- SYSTEM APPLICATION 

• FUTURE SRM SYSTEMS AND UPGRADES TO ORBITAL 
TRANSFER VEHICLES WITH SOUD. LJOUD OR NUCLEAR 
PROPULSION 

• BENEFIT OR PAYOFF 

- IMPROVED ANALYTICAL AND MATERIAL TEBTINO 
CAP ABUT IE S FOR ALL CARBON-CARBON rTE 

. ADVANCED NSPECTION TECHNIQUES ANO REUABILfTY 
ASSESSMENT CONFIDENCE 

- PROVIDE NEW MATERIALS WITH INHERENTLY HO HER 
SAFETY MARGINS 

- ADVANCED CARBON-CARBON TECHNOLOGY ENABLING 
APPLICATION TO NEW SYSTEMS 


RECOMMENDED ACTIONS: 

THREE CURRENT TASKS QOUPflftE THE RECOMMENDED PROGRAM 
. TASK 1 - MATERIAL CHARACTERIZATION, DESIGN AND ANALYSIS 

• EXPLORATORY TESTING 

- STR£8S-STRAfN MOOCL 

• FAILURE CRITERIA DEVELOPMENT 

. CHARACTERIZATION. TEST METHOOOLOGY AND DATA 
GENERATION 

. TASK 2 - PROCESS UNDEFOTANDWO AND OPTIMIZATION 
. CONSTITUENT MATERIAL AND PROCESS DEVELOPMENT 

- PROCESS MODEL DEVELOPMENT ANO VERIFICATION 

- PROCESS-PROPERTY SENSmVTTY ANALYSIS 
• TASK J - PRODUCT VERIFICATION 

• ACCEPTANCE TEST DEVELOPMENT 

• NDE TECHNIQUE ANO ADVANCEMENT 

• EFFECTS OF DEFECTS CHARACTERIZATION 


DESCRIPTION: 

• PROPELLANT AND BONDLINE MATERIAL AND 
PROCESS VARIABILITY REDUCTION 
■ INSULATION, UNER, ADHESIVE, AW) 

PROPELLANT VARIABILITY DETERMINATION 

- PROCESS CONTROL AND MONITORING 

- TQM PHILOSOPHY: INTERACTION WITH 
MATERIAL SUPPLIERS 


MILESTONES AND RESOURCES REQUIREMENTS: 


BACKGROUND A RELATED FACTORS: 

• DEFICIENCIES: 

• IMPACT OF RAW MATERIAL VARIABILITY AND 
NON -CONFORMING MATERIALS ON BOND 
STRENGTH AND PROCESSES IS NOT FULLY KNOWN 

• LACK Of QUANTIFICATION OF PROCESS 
VARIABLES ON CRITICAL PROPERTIES 

• SYSTEM APPLICATIONS: 

• ALL CURRENT AND PROJECTED SOLID ROCKET 
MOTORS 

• BENEFIT S/PAYOFFS: 

- REDUCED MATERIAL AND PROCESS VARIABILITY 
WILL LEAD TO IMPROVED RELIABILITY ANO 
REDUCED FABRICATION COST 


RECOMMENDED ACTIONS: 

• IDENTIFY CRITICAL MATERIALS AND ACCEPTANCE 
TESTS WITH SUPPLIER INTERACTION 

• CONDUCT STATISTICAL TESTS TO DEFINE DEGREE 
OF VARIABILITY OF COMPONENTS PROPERTIES AND 
EFFECT ON BONDLINE STRENGTH AND PROCESSES 

• DEVELOP A CRADLE-TO-GRAVE ANALYTICAL 
PROCESSING MODEL TO CONTROL AND MONITOR 
TO A STATE (LE. DEGREE OF CURE) NOT TIME, 
TEMPERATURE. PRESSURE, ETC. 

• ESTABLISHED GCVNO-QO CRITERIA 
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SOLID PROPULSION SYSTEMS SUB-PANEL 

ISSUE/TECHNOLOGY REQUIREMENT 


DESCRIPTION: 

• ANALYTICALLY DRIVEN TEST TECHNOLOGY FOR 
PROPELLANT AND BONDLINE CONSTITUTIVE 
MODEL DEVELOPMENT 

• DEVELOP STANDARDIZED TEST TECHNIQUES 

• EVALUATE PROPELLANT/SONDLINE RESPONSE 

• DEVELOP MOOELS AND ^CORPORATE INTO 
STRUCTURAL COOES TO DETERMINE EFFECT 
ON DESIGN MARGINS OF SAFETY/STRUCTURAL 
INTEGRITY 


MILESTONES AND RESOURCES REQUIREMENTS: 


BACKGROUND A RELATED FACTORS: 

• DEFICIENCIES: 

• CURRENT TE8T DATA TYPICALLY USED IN 
ANALYSES INADEQUATE TO DESCRIBE 
PROPELLANT ANO BONDLtNE BEHAVIOR UNDER 
ACTUAL LOADING CONDITIONS 

- MOOELS AND CONSTITUTIVE THEORY 
DEVELOPMENT LIMITED BY INABILITY TO MEASURE 
PROPELLANT/BONDLINE BEHAVIOR UNDER REAL 
LOADING CONDITIONS 

* MULTI- AXIAL AND MICROS TRUCTURAL TEST 
TECHNOLOGY CURRENTLY AVAILABLE TOO 
COSTLY TO BE PRACTICAL 

• SYSTEM APPLICATIONS: 

- ALL SOLID ROCKET MOTORS 

• BENEFITS/PAYOFFS: 

■ HIGHER RELIABILITY 


RECOMMENDED ACTIONS: 

• SURVEY LITERATURE FOR CURRENT MULTL AXIAL 
ANO M CROS TRUCTURAL TEST TECHNIQUES 

• DEVELOP LOW COST TEST TECHNIQUES FOR 
MULTI- AXIAL PROPEUANT/BONOLNE 
CHARACTERIZATION 

• DEVELOP TEST TECHNIQUES TO EXAMINE MICRO 
AND MACROSTRUCTURAl BE HA V OR UNDER 
ACTUAL MOTOR STRESS/THERMAL CONDITIONS 

• DEVELOP MOOELSOONSTITUTIVE THEORY TO 
DESCRIBE MULTI- AXIAL AND MICROS TRUCTURAL 
PROPELLANT BEHAVIOR 

• COMPARE PREDICTED THEORETICAL BEHAVIOR 
WITH DATA COVERING A BROAD RANGE OF 
MEASURED BEHAVOA 

• INCORPORATE MOOELS/CONSTITUTTVE THEORY 
WTO STRUCTURAL ANALYSIS 


DESCRIPTION: 

* ANALYTICALLY DRIVEN TEST TECHNOLOGY 

- INSULATION, LINER, ADHESIVE, AND 
PROPELLANT VARIABILITY DETERMINATION 

- PROCESS CONTROL ANO MONITORING 

- TOM PHILOSOPHY: INTERACTION WITH 
MATERIAL SUPPLIERS 


MILESTONES AND RESOURCES REQUIREMENTS: 


BACKGROUND & RELATED FACTORS: 

• DEFICIENCIES: 

- IMPACT OF RAW MATERIAL VARIABILITY AND 
NON-CONFORMING MATERIALS ON BOND 
STRENGTH AND PROCESSES IS NOT FULLY KNOWN 

- LACK OF QUANTIFICATION OF PROCESS 
VARIABLES ON CRITICAL PROPERTIES 

• SYSTEM APPLICATIONS: 

- ALL CURRENT AND PROJECTED SOLID ROCKET 
MOTORS 

• BENEFIT&PAYOFFS: 

• REDUCED MATERIAL AND PROCESS VARIABILITY 
WILL LEAD TO IMPROVED RELIABILITY AND 
REDUCED FABRICATION COST 


RECOMMENDED ACTIONS: 

• IOENTIFY CRITICAL MATERIALS AND ACCEPTANCE 
TESTS WITH SUPPLIER INTERACTION 

• CONDUCT STATISTICAL TESTS TO DEFINE DEGREE 
OF VARIABILITY OF COMPONENTS PROPERTIES AND 
EFFECT ON BONDLINE STRENGTH AND PROCESSES 

• DEVELOP A CRADLE-TO-GRAVE ANALYTICAL 
PROCESSING MODEL TO CONTROL AND MONITOR 
TO A STATE (I.E. DEGREE OF CURE) NOT TIME, 
TEMPERATURE, PRESSURE, ETC. 

• ESTABLISHED GOWO-GO CRITERIA 
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SOLID PROPULSION SYSTEMS SUB-PANEL 

ISSUE/TECHNOLOGY REQUIREMENT 


DESCRIPTION: 

• BONDUNE DESIGN FOR INSPECTABILITY 
• ASSURE ACCES9BILITY FOR NDI BY 

- MODIFYING EXISTING DESIGNS 

- ADAPTING EXISTING NDE METHOOOLOGIES 

- USING EMBEDOED SMART SENSORS 


MILESTONES AND RESOURCES REQUIREMENTS: 


BACKGROUND & RELATED FACTORS: 

• DEFICIENCIES: 

• CURRENT BONOUNE DESIGN IS BASED ON 
PERFORMANCE vt COST AND SAFETY v» DESIGN 
MARGINS WITH MINIMAL CONSIDERATION GIVEN 
TO THE ABILITY TO VERIFY BONDI IN E INTEGRITY 
PRIOR TO LAUNCH 

• SYSTEM APPLICATIONS: 

• ALL SOUO ROCKET MOTORS 

• BENEFITS/PAYOFFS: 

- IMPROVED RELIABILITY OF BONDUNE SYSTEM9 

• REDUCED MAINTENANCE COST 

• COST SAVINGS THROUGH THE REDUCTION OF 
MATERIAL REVIEW BOARD 

- INFORMATION GENERATED WILL HELP MAKING 
FUTURE SRMi MORE REPRODUCIBLE 


RECOMMENDED ACTIONS: 

• DENTIFY UNINSPECTABLE, UNINSPECTED AND 
UNDER INSPECTED AREAS 

• ASSESS STATE-OF-THE-ART NDE AND MODIFY AS 
NEEDED TO EVALUATE CRITICAL AND 

0 IFF CULT -TO* INSPECT REGIONS 

• DEVELOP/INTEGRATE NEW NDE/NOC MODALITIES 
INCLUDING SMART MATERIAL SENSORS 

• MOOIFY EXISTING DESIGNS FOR INCORPORATION 
OF NDI INSTRUMENTATION 

• DEMONSTRATE INSPECTABILITY IMPROVEMENTS 
WITH DESIGN CHANGES 


DESCRIPTION: 

• BONDUNE STRUCTURAL AND HEALTH MONITORING 
METHOOOLOGIES 

• IN-SfTU EVALUATION OF BONDUNE STRENGTH 
- BONDI WE DESIGN METHOOOLOGIES 

• TRANSDUCER DEVELOPMENT 


MILESTONES AND RESOURCES REQUIREMENTS: 


BACKGROUND & RELATED FACTORS: 

• DEFCENCIE*: 

- ACTVE HEALTH MONITORING TECHNIQUES FOR3RM# ARE 
CURRENTLY MON DOST ENT 

- CONTINUED MONITORING OF AN SRM Will ALLOW A MORE 
ACCURATE MARGIN OF SAFETY DETERMINATION DOC TO 
BETTER UNDERSTANDING Of TEMPERATURE, HUMOTY, 
STRESS AND STRENGTH 

- DETECTION METHODS CAN WCUJOE CONTACT, 
NON-CONTACT, EMBEDOED TECHNIQUES, OR BE 
MCORPORATEO WTO THE MATERIAL USS) 

- STEEP STRESS GRADIENTS « LARGE SRM* REQUIRE 
SMALLER STRESS GAGES THAN CURRENTLY AVAILABLE 

- STRESS TRANSDUCERS ARE NEEDED TO MEASURE BOTH 
NORMAL AND SHEAR STRESS 

- TECHNIOUE3 FOR DETERMWING BONDUNE STRENGTH CAN 
EXPLOIT CHEWBCAL AN DOR MECHANICAL DESIGN 
APPROACHES 

• SYSTEM APPLICATIONS: 


RECOMMENDED ACTIONS: 

• ©ENTIFY CANDIDATE TECHNIQUES, DETECTION 

METHODS AND TRANSDUCERS (1) 

- DEVELOP VIABLE MINIATURIZED TRANSDUCERS (1) 
. VALIDATE TRANSDUCERS ON ANALOG MOTORS (1) 

• DEMONSTRATE ON A SELECTED SRM (2) 


BENEFTO-PAYOFFl: 

- THIS TECHNOLOGY Wli PROOUCE H*>ROVED 

UNOERSTANDWG OF BONDUNE AG MG, THEREBY IUPROVMO 
SRM RELIABILITY 
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SOLID PROPULSION SYSTEMS SUB-PANEL 

ISSUE/TECHNOLOGY REQUIREMENT 

DESCRIPTION: 

• BONDLINE CONTAMINATION STUOIES 

- IDENTIFY SOURCES OF CONTAMINATION AND 
THEIR AFFECT ON BOND STRENGTH 

- DETECTION OF CONTAMINATION DURING THE 
MANUFACTURING OPERATION 

MILESTONES AND RESOURCES REQUIREMENTS: 

BACKGROUND A RELATED FACTORS: 

RECOMMENDED ACTIONS: 

• DEFICIENCIES: 

• OENTIFY TECHNIQUES TO DETECT CONTAMINANTS 

* CONTAMINATION IDENTIFIED AS THE NUMBER ONE 

ON METAL AND NON-METALS 

CRITICAL PROCESS PARAMETER TO CONTROL AND 

• ESTABLISH PROTOCOL FOR CONTROLLED 

IMPROVE RELIABILITY 

LABORATORY CONTAMINATION 8TUDES 

• SYSTEM APPLICATIONS: 

• DETERMNE SENSITIVITY OF CONTAMINATION ON 

• ALL CURRENT AND PROJECTED SOLID ROCKET 

BOND STRENGTH AND CORRELATE WITH DETECTOR 

MOTOR8 

TECHNIQUES 

• BENEFITSPAYOFFS: 

• DEVELOP METHOOOLOGY TO IMPLEMENT 

- IMPROVED PROCESS CONTROL WILL LEAD TO 

DETECTOR TECHNIQUE IN PROOUCTON WITH 

IMPROVED RELIABILITY 

GO/NO-GO CRITERIA 


DESCRIPTION: 

• PROPELLANT ANO BONDLINE FAILURE CRITERIA 
- BOTH FLAWED ANO UNFLAWED MATERIALS 
• BROAD RANGE Of ENVIRONMENTAL ANO 
MECHANICAL LOADINGS 


MILESTONES AND RESOURCES REQUIREMENTS 


BACKGROUND A RELATED FACTORS: 

• DEFICIENCIES: 

- CURRENT FAILURE CRITERIA DO NOT ACCURATELY 
PREDCT FAILURES IN PROPELLANTS AND 
BONDLINES; THIS CAUSES LOW RELIABILITY AND 
LACK OF CONFIDENCE IN STRUCTURAL MARGINS 

* A SATISFACTORY FRACTURE MECHANICS THEORY 
DOES NOT EXIST FOR BONDLINES WITH 
MANUFACTURING DEFECTS 

* ANALYSIS AND TEST TECHNIQUES MUST BE 
DEVELOPED TO DETERMINE THE STRENGTH OF 
UNFLAWED MATERIALS AND THE FRACTURE 
MECHANICS BEHAVIOR FOR FLAWED MATERIALS 

• SYSTEM APPLICATIONS: 

- ALL SRMt 

• BENEFITS/PAYOFFS: 

- IMPROVED CONFIDENCE N PREDICTION, 
ACCURACY, BETTER DEFECT ACCEPTANCE 
PROCEDURES, HIGHER RELIABUTY 


RECOMMENDED ACTIONS: 

• IDENTIFY VIABLE FAILURE CRITERIA AND 

FRACTURE MECHANICS APPROACHES (1) 

• DEVELOP THEORES FOR FAILURE AND 

FRACTURE, ANO MOOEL FITTING TECHNIQUES (1) 

• PLAN AN EXPERIMENTAL PROGRAM TO TEST 

FAILURE THE OR IE 8 (2) 

• MANUFACTURE MATERIAL SAMPLES AND 

CONDUCT TESTS {2) 

• REFINE/MODIFY THEORY BASED ON TEST RESULTS (1) 

• VALIDATE THEORY USING ANALOG MOTOR 

DESIGNED FOR PROPELLANT AND BONDLtNE 
FAILURE (1) 
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SOLID PROPULSION SYSTEMS SUB- PANEL 

ISSUE/TECHNOLOGY REQUIREMENT 


DESCRIPTION: 

* EFFECTS OF DEFECTS FOR BONDLINES 


MILESTONES AND RESOURCES REQUIREMENTS: 


BACKGROUND A RELATED FACTORS: 

• DEFENCES: 

- N CURRENT BON DUNE DESIGN, KNOWLEDGE OF 
SHEAR AND TENSILE STRENGTH, SHEAR AND 
TENSILE STIFFNESS. AND CHEMICAL MIGRATION IS 
NOT PROPERLY UNDERSTOOD 

• FAILURE CRITERIA ARE NOT WEIL UNDERSTOOD 
FOR SYSTEMS WITH DEBONDS/FLAWS 

- BONDLINES IN CURRENT SYSTEMS HAVE REGIONS 
THAT ARE UNINSPECTABLE, OR WHERE THE SEE 
OF A CRITICAL DEFECT 1$ SMALLER THAN THE 
RESOLUTION OF NOE METHOOS 

• SYSTEM APPLICATIONS: 

■ ALL SOUO ROCKET MOTOR SY8TEMS 

• BENE FIT S/PAYOFF8 

■ IMPROVED RELIABILITY OF MOTOR SYSTEMS ANO 
W PROVED UNDERSTANDING OF THE CRITICAL 
PERFORMANCE PARAMETERS NECESSARY TO 
DEFINE SYSTEM SPECIFIC ACCEPTANCE CRTERIA 


RECOMMENDED ACTIONS: 

• DEWT1FY CAUSES OF REAL BONOUNE DEFECTS (1 

• DEVELOP MATHEMATICAL MOOELS WHICH 

SIMULATE REAL BONO BEHAVIOR <2 

• DEVELOPMENT OF MANUFACTURE PROTOCOL 

ANO FABRICATION OF SPECIMENS (2 

• ACQUISITION ANO CORRELATION OF 
NON-DESTRUCTIVE CHARACTERIZATION (NDC) AND 
MATERIAL PROPERT€S ON DEFECT SAMPLES (3 

• ANALYZE BALLISTIC AND THERMAL EFFECTS 

OF DEFECTS (3 

• ESTABLISH APPLICABILITY OF FRACTURE 

MECHANICS 0 

• DEFINE METHOOOLOOY TO CONSIDER DEFECTS 

DURING DE9IGN PROCESS (4 

• VERIFY UTILIZING ANALOG MOTORS (6 


DESCRIPTION: 

• CLEAN SOLO PROPELLANT DEVELOPMENT ANO 
VERIFICATION 

- ENVIRONMENTAL IMPACTS 

- SAFETY 

* PROCESSABUTY 

- BALLISTIC PERFORMANCE 


MILESTONES AND RESOURCES REQUIREMENTS: 


BACKGROUND A RELATED FACTORS: 

• DEFICIENCIES: 

• CURRENT SOLO PROPELLANTS PRESENT 
ENVIRONMENTAL RISKS AND LIABILITIES 

• LOW HCL FORMULATIONS AVAILABLE DO NOT 
MEET PERFORMANCE OR SAFETY REQUIREMENTS 
OF SYSTEM NEEDS 

• SYSTEM APPLICATIONS: 

• ALL SOLO ROCKET MOTORS 

- PRIMARY APPLICATION FOR LARGE ETO 
BOOSTERS 

• BENEFIT SPAYOFFS: 

• MITIGATES ENVIRONMENTAL RISKS AND 
LIABILITIES PRESENTED BY EXISTING 
PROPELLANTS 


RECOMMENDED ACTIONS: 

• SURVEY EXISTING TECHNOLOGY ANO CONOUCT 
FURTHER RESEARCH TO ADDRESS DEFICIENCIES 

• SELECT MOST PROMISING FORMULATIONS 

• DEMONSTRATE PERFORMANCE 

• CONDUCT PROCESSING AND INTERFACE TRADE 
8TUDIE8 

• MATERIAL PROPERTY CHARACTERIZATION AND 
CONSTITUENT FINGERPflWTlNG 

• PROCESS DEVELOPMENT ANO VERIFICATION 

• PATHFINDER AND FULL-SCALE DEMONSTRATION 
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SOUD PROPULSION SYSTEMS SUB-PANEL 

ISSUE/TECHNOLOGY REQUIREMENT 


DESCRIPTION: 

• BONDLINE PROCESSING PROTOCOL 

• ESTABLISH PROCEDURES/M ETHOOOLOGIES 
FOR CONDUCTING BONOLINE REPAIR/REWORK 
PROCEDURES 

MILESTONES AND RESOURCES REQUIREMENTS: 

BACKGROUND k RELATED FACTORS: 

• DEFICIENCIES: 

- BONDLINES WILL REQUIRE REPAIRS AND REWORK, 
THESE ARE UNPLANNEO AND HAVE 

COS TRE L 1ABIL ITY IMPACTS 
. SYSTEM APPLICATIONS: 

- ALL CURRENT AND PROJECTED SOLID ROCKET 
MOTORS 

• BENEFITS/PAYOFFS 

• IMPROVED BOND MG PROCEDURES WILL IMPROVE 
RELIABILITY AND REDUCE COST 

RECOMMENDED ACTIONS: 

. DEFNE current repairrework procedures 

AND CRITICAL PROCESS PARAMETERS 
• CONDUCT BOND EXPERIMENTS AND DEFINE: 

- DEFINE VARIABILITY 
. PROCESS WINDOWS 
. ACCEPT/REJECT CRITERIA 


DESCRIPTION: 

• NDE FOR PROPELLANT 

- VARIATIONS IN MECHANICAL PROPERTIES OF 
PROPELLANT NEED TO BE EVALUATED 

- DAMAGE, •.g., INTERNAL CRACK GROWTH AND 
MICRO VOWS FORMATION NEED TO BE 
CHARACTERIZED 

MILESTONES AND RESOURCES REQUIREMENTS: 

BACKGROUND k RELATED FACTORS: 

- DEFICIENCIES: 

- CHANGES IN PROPERTIES DUE TO AGING 
CONDITIONS ARE NOT FULLY KNOWN 

- PROPELLANT DENSITY VARIATIONS MASK NDC OF 
BONDLINES 

• SYSTEM APPLICATIONS: 

. ALL SOL© ROCKET MOTORS 

• BENEFIT&PAYOfFS: 

. ACCURATE PERFORMANCE PREDICTION 

- IMPROVED RELlABAfTY 

RECOMMENDED ACTIONS: 

• ESTABLISH CORRELATIONS BETWEEN NDE 
PARAMETERS AND MATERIALS PROPERTIES 

• ESTABLISH EFFECTS OF DEFECTS 

• POO STATISTICS FOR QUANTITATIVE NDC 

• PREDICT STRUCTURAL INTEGRITY FOR QNDE 


242 





SOLID PROPULSION SYSTEMS SUB-PANEL 

ISSUE/TECHNOLOGY REQUIREMENT 


DESCRIPTION: 

• BONDLINE AND PROPELLANT AGING 

• ESTABLISH METHOD8 TO MEASURE AND 
CORRELATE AGE-RELATED CHANGE 9 TO 
PROPERTIES 

• DETERM WE AFFECTS OF AGING ON FLIGHT 
PERFORMANCE ANO SAFETY 

MILESTONES ANO RESOURCES REQUIREMENTS: 

BACKGROUND A RELATED FACTORS: 

RECOMMENDED ACTIONS: 

• DEFICIENCIES: 

* IDENTIFY ALL SIGNIFICANT AGE-RELATED SOURCES 

- LIMITED CORREUTON AND UNDERSTANDING OF 

OF CHANGE TO CRITICAL PROPERTIES 

AGING EFFECTS ON STRUCTURAL INTEGRITY OF 

• IDENTIFY COMPONENT WTERACTON AGING 

PROPELLANTS AND BONDLINES IN EARTH 

MECHANISMS 

ENVIRONMENTS 

• CONDUCT EXPERIMENTS TO MEASURE CHANGES TO 

- NO DATA EXISTS SHOWING AGING EFFECTS ON 

CRITICAL PROPERTIES IN THE STORAGE/DEPLOYMENT 

PROPELLANTS AND BONDLINES IN THE 

ENVIRONMENTS 

NEAR-EARTH SPACE ENVIRONMENT 

• DEVELOP AGING MODEL THAT ACCOUNTS FOR 

• SYSTEM APPLICATIONS: 

AGE-RELATED CHANGES 

- ALLSOUD ROCKET MOTORS 
• BENEFITS/PAYOFFS: 

- EXTENDED LIFE 

- IMPROVED RELIABILITY 

• INCORPORATE MODELS NTO APPROPRIATE COOES 


DESCRIPTION: 

• THERM OP LAST C ELASTOMER (TPE) INSULATOR 
FAS R CAT ON TECHNOLOGY AND BONDLINE 
CHARACTER CAT ON FOR LARGE MOTORS 
- DEVELOP NEW WSULATOR TECHNOLOGY FOR 
IMPROVED RELIABILITY AND REDUCED COST 


MILESTONES AND RESOURCES REQUIREMENTS: 


BACKGROUND A RELATED FACTORS: 

• DEFCIENCCS: 

- AT PRESENT, THERE B NO TECHNOLOGY 
DEVELOPED OR UNDER DEVELOPMENT TO 
FABRICATE LARGE TPE ISOLATORS (>3000 LBS) 
REQUIRED BY THE LARGEST SOLO MOTORS. 

ALSO BETTER UNDERSTANDING OF LINERLESS, 
ADHESIVE FREE BONDING IS NEEDED 

• SYSTEM APPLICATIONS: 

- ALL LARGE SRM SYSTEMS AND LARGE ETO 
BOOSTERS 

• BENEFIT S/PAYOFFS: 

- ENABLING TECHNOLOGY FOR THE USE OF LOW 
COST. ASBESTOS FREE TPE INSULATIONS N 
LARGE SOLO ROCKET MOTORS 

• W PROVED RELIABILITY 

• SIGNIFICANTLY REDUCED COST 

• REDUCES OR aiMINATES ENVIRONMENTAL RISKS 

• EXTENDED LFE OF THE MOTOR 


RECOMMENDED ACTIONS: 

THIS PROGRAM VKHAfi DEVELOP APPUCATION TECHNOLOGY FOP 
APPLYING TPE tMSULATKMS AT HIGH RATES TO 500 LB&tiR IN A 
CONTROLLED MANNER. M PRACTICE THIS TECHNOLOGY COULD BE 
USED W CONJUNCTION WffTH THE SPRAY TECHNOLOGY (LOCCIN 
DEV) WHICH COULD PftOVOE PRECISION THICKNESS CONTROL AND 
POSSIBLE ADHESION ADVANTAGES 
* THE RAO EFFORT CONSISTS OF 5 MAJOR TASKS 

- INVESTIGATION OF CURRENT TECHNOLOGY FOR FORMING 
LARGE THERMOPLASTIC STRUCTURES 

- DESIGN OR UOCXFY EOUPWENT INCLUDING A ROBOTICS 
CONTROLLED DELNERY HEAD TO DELIVER THE TPE 
INSULATION TO THE CASE OF MANDREL 

- FABRICATE AND TEST LARGE MOTOR INSULATORS 
DEMONSTRATING THE EQUIPMENT AND PROCESS TO OBTAIN 
REUABUTY AND COST DATA 

• DEMONSTRATE PERFORMANCE IN A NASA MATERIAL 
EVALUATION MOTOR 

- TPE INSULATION BONOUNC CHARACTERIZATION AND 
ANALYSE 
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SOLID PROPULSION SYSTEMS SUB-PANEL 

ISSUE/TECHNOLOGY REQUIREMENT 


DESCRIPTION: 

• ADVANCED BONDING CONCEPTS FOR LINERLESS 
INSULATION DEVELOPMENT 


MILESTONES AND RESOURCES REQUIREMENTS: 


BACKGROUND & RELATED FACTORS: 

• DEFICIENCIES: 

- CURRENT PROPELLANTS/INSULATION BONDING 
GENERALLY RESULTS W DECREASED STRENGTH 
DUE TO COMPLEXITY OF THE SYSTEM, POOR 
BONDING, AGE-OUT, DIFFICULTIES IN 
MANUFACTURING, HIGHER COST, 

• 8YSTEM APPLICATIONS: 

. ALL SRM SYSTEMS 

• BENEFITS/PAYOFFS: 

- IMPROVED RELIABILITY 

- EXTENDED LFE 

* REDUCED FABRICATION COST9 AND TIME 

• TECHNOLOGY ELIMINATES THE USE OF SOLVENTS 
ANO REDUCES ENVIRONMENTAL RISK 


RECOMMENDED ACTIONS: 

♦ ADVANCED BONDING CONCEPTS FOR CLASS 1.3 

PROPELLANTS USED FOR SPACE LAUNCH 

APPLICATIONS WOULD BE DEMONSTRATED 

- 0 EVE LOP A BOND SY9TEM WHERE STABLE 
BONDING ADDITIVES ARE INCORPORATED INTO 
THE INSULATION AND NO ADDITIONAL ADHESIVES 
ARE NEEDED 

- EVALUATE ADVANCED BONONG CONCEPTS FOR 
PROPELLANT/INSULATION TO INCLUDE UNERLESS, 
INSUUNER AND BARRIER CONCEPTS AS A MINIMUM 

- EVALUATE NNOVATIVE MANUFACTURED 
CONCEPTS FOR BONDING 


DESCRIPTION: 

• LOW COST INSULATION PERFORMANCE 

METHODOLOGY ANO CORRELATION WITH MOTOR 
PERFORMANCE 

- LOW COST INSULATION PERFORMANCE TESTS 
FOR IMPROVED OC ANO RELIABILITY 


MILESTONES AND RESOURCES REQUIREMENTS: 


BACKGROUND A RELATED FACTORS: 

• DEFICIENCIES: 

- PERFORMANCE OF THE NSULATOR IS CRITICAL 
YET NO DIRECT METHOO OF ASSESSING THE 
ABLATIVE PERFORMANCE OF EACH LOT IS 
AVAILABLE 

- THE METHODOLOGY WOULD ALSO BE USEFUL N 
OPTIMIZING NEW INSULATION MATERIALS 

• SYSTEM APPLICATIONS: 

- ALL SRM SYSTEMS, LARGE ETO BOOSTERS 

• BENEFFTS/PAYOFFS: 

- IMPROVED QUALITY CONTROL OF INSULATION 
MATERIAL 

- IMPROVED RELIABILITY 

- REDUCED DEVELOPMENT COSTS 


RECOMMENDED ACTIONS: 

• THIS PROGRAM WOULD DEVELOP THE THEORY, TEST 
AND CORRELATION NECESSARY TO PREDICT 
PERFORMANCE OF INSULATION MATERIALS IN FULL 
SCALE MOTORS FORM DATA FROM A SET OF 
INEXPENSIVE LABORATORY TESTS 

• A FOUR TASK PROGRAM IS RECOMMENDED: 

- LITERATURE SEARCH ANO DEVELOPMENT OF 
THEORY 

- DEVELOPMENT OF THE SPECFC TEST(S) 
REQUIRED FOR EVALUATION 

- CORRELATION OF TEST RESULTS WITH MOTOR 
TEST RESULTS ANO REFINEMENT OF THEORY 

- DEVELOPMENT OF STATISTICAL CORRELATION Of 
THEORY ANO FULL SCALE MOTOR PERFORMANCE 
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SOUD PROPULSION SYSTEMS SUB-PANEL 

ISSUE/TECHNOLOGY REQUIREMENT 


DESCRIPTION: 

• FIBER/POLYMER INTERACTION TAILORING FOR 
DEVELOPING IMPROVED FIBERS FOR INTERNAL 
INSULATIONS 

■ DEVELOP TECHNOLOGY FOR IMPROVED 
NON-ASBESTOS INSULATION FOR IMPROVED 
RELIABILITY AND REDUCED CO 8 T 8 


MILESTONES AND RESOURCES REQUIREMENTS: 


BACKGROUND A RELATED FACTORS: 

• DEFICIENCIES: 

- CURRENTLY FIBERS ARE REQURED FOR ABLATIVE 
PERFORMANCE IN HIGH PERFORMANCE 
INSULATIONS BUT THE NON- ASBESTOS FIBERS N 
STATE-OF-THE-ART INSULATIONS TODAY LIMIT THE 
STRAIN CAPABILITY OF THE MATERIALS MUCH 
MORE THAN ASBESTOS FI8ERS 

- REDUCED STRAIN CAPABILITY OF NON-ASBESTOS 
INSULATION REDUCES RELIABILITY OF THE 
INSULATION 

• SYSTEMS APPLICATIONS: 

- ALL SRM SYSTEMS. PRIMARY APPLICATION FOR 
LARGE ETO BOOSTERS 

• BENEFITS/PAYOFFS: 

- REDUCED COST 

- REDUCED ENVIRONMENTAL RISK 

- EASY, RELIABLE REPAIRABILfTY 

- INCREASE RELIABILITY BECAUSE OF NCREASED 
MECHANICAL PROPERTIES AND HIGHER 
TEMPERATURE CAPABILITIES 


RECOMMENDED ACTIONS: 

• THIS PROGRAM WOULD DEVELOP ALTERNATIVES TO 
THE CURRENTLY USED ORGANIC FIBERS PROVIDING 
TECHNOLOGY TO 8JGNFCANTIY M PROVE STRAIN 
CAPABILITY AND REDUCE COST OF ADVANCED 
INSULATION MATERIALS 
« THE PROGRAM WOULD CONSIST OF 4 TASKS: 

- LITERATURE AND WDUSTHY SEARCH TO FIND 
NEW/OR PROMISING FIBERS AND TECHNOLOGY 
. FORMULATION OF NEW INSULATIONS 
INCORPORATING THE NEW FIBERS AND/OR 
TECHNOLOGY 

* SUBSCALE EVALUATION OF THE ABLATIVE 
PERFORMANCE OF THE NEW INSULATIONS 

• LARGE SCALE EVALUATION (NASA TEST MOTOR) OF 
THE NEW WSULATONS 


DESCRIPTION: 

• SPRAY ABLE SOLVENT-FREE. HIGH TEMPERATURE 
TPE THERMAL PROTECTION (EXTERNAL) SYSTEM 
- DEVELOP W PROVED EXTERNAL TPS FOR 
ENVIRONMENTAL RISKS 


MILESTONES AND RESOURCES REQUIREMENTS: 


BACKGROUND A RELATED FACTORS: 

RECOMMENDED ACTIONS: 

• DEFICIENCIES: 

• DEVELOPMENT OF SPRAYASLE TPS MATERIALS USING 

- CURRENT SPRAY ABLE TPS TECHNOLOGY 

THERMOPLASTIC OR THE BNDER FOR LOW DENSITY 

REQUIRES USE OF 90L VENTS WHCHADO 

FILLERS WLL MEET THE REQUIREMENTS OF REDUCED 

SIGNIFICANT COST AND/OR ENVIRONMENTAL 

COST AND REDUCED ENVIRONMENTAL RISK 

RISKS 

• THE PROGRAM WOULD CONSIST OF 4 TASKS: 

- FUTURE APPLICATIONS WILL REQUIRE HIGHER 

- LABORATORY DEVELOPMENT OF MATERIALS WITH 

TEMPERATURE CAPABILITY, REDUCED COST AND 

REQUIRED PROPERTIES 

SOLVENT FREE PROCESS NG TO REDUCE 

• SPRAY PROCESS SELECTION. MODIFICATION AND 

ENVIRONMENTAL RISKS 

DEVELOPMENT 

• SYSTEMS APPLICATIONS: 

• OPTIMIZATION OF MATERIALS. LARGE SCALE 

- ALL SRM SYSTEMS. PRIMARY APPLICATION FOR 

MANUFACTURING AND SPRAY PROCESS 

LARGE ETO BOOSTERS 

. CHARACTERIZATION OF SPRAYED TPS MATERIALS, 

• BENEFITS/PAYOFFS: 

BONONG, AND AGING 

- REDUCED COST 


- REDUCED ENVIRONMENTAL RISK 


- EASY, RELIABLE REPAWABARY 


- NCREASE RELIABUTY BECAUSE OF INCREASED 


MECHANICAL PROPERTIES AND HIGHER 


TEMPERATURE CAPABILITY 
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SOUD PROPULSION SYSTEMS SUB-PANEL 

ISSUE/TECHNOLOGY REQUIREMENT 


DESCRIPTION: 

• HYBRtO ROCKET BOOSTER DEMONSTRATION 
. DEVELOP CODES AND EXPERIMENTAL DATA 
BASE FOR THE DESIGN OF LARGE HYBRID 
ROCKET MOTORS 

• DEMONSTRATE HYBRID ROCKET MOTORS AT 
BOOSTER THRUST LEVELS 
(150K-1.SM b THRUST) 

MILESTONES AND RESOURCES REQUIREMENTS: 
• TEST FACILITY CAPABLE OF: 

• 1,5M-b THRUST 

- 3,600 tVMC LOX FLOW O 1200 ptlt 

BACKGROUND & RELATED FACTORS: 

• HYBRID ROCKETS OFFER: 

• INERT HANDLING 

• CLEAN EXHAUST 

- ELIMINATION OF EXPLOSIVE HAZARDS AND 
EFFECTS OF DEFECTS IN CRACKS AND DEBONDS 

• HYBRID ROCKETS CAN BE: 

- THROTTLED 

- SHUTDOWN 

• THE COST OF HYBRID BOOSTERS IS ESTIMATED AT 
80% TO 100% OF SRM » AND MUCH LOWER THE LRB« 

• HYBRIDS USE EXISTING TECHNOLOGY FOR CASE, 
NOZZLE, ANO LOUD FEED SYSTEMS 

• HIGHER hp THAN SOUOS ANO EQUAL TO THAT OF 
LOX/HYDROCARBON 

RECOMMENDED ACTIONS: 

• CODE DEVELOPMENT AND DATA BASE AT 600-b, 
15K-b, ANO l60K-b THRUST LEVEL (JOINT 
NASA/CO RPORATE IRAQ PROGRAMS) 

• 750K-b THRUST DEMONSTRATION 

• 1.5Mb THRUST DEMONSTRATION 


WHY AREN’T HYBRIDS OPERATIONAL? 

• EARLY BOOSTER EMPHASIS WAS PLACED ON HIGH DENSITY IMPULSE 
SYSTEMS. COST, SAFETY, ENVIRONMENTAL AND RELIABILITY ISSUES WERE 
OF LOW PRIORITY IN THE HEYDAY OF THE AMERICAN SPACE PROGRAM 

• PRESENT AND FUTURE EMPHASIS IS ON COST, ENVIRONMENTAL EFFECTS, 
SAFETY AND OPERATIONAL FLEXIBILITY 

• OPERATIONAL SUCCESSES OF LARGE LIQUID ENGINES AND SRM 
BOOSTERS FOR THE SHUTTLE AND TITAN III CAUSED INTEREST/NEED IN 
HYBRIDS TO WANE 

• ALL THE 1960s AND 70s WORK IN HYBRIDS WAS DONE BY PRIMARILY LIQUID 
OR SOLID PROPULSION COMPANIES WITHOUT A HIGH DEGREE OF SERIOUS 
INTEREST 

• “POLITICAL FACTORS APPEAR TO INTERFERE WITH TECHNICAL FACTORS.’ - 
CULTURAL ISSUE 
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SOUD PROPULSION SYSTEMS SUB-PANEL 

ISSUE/TECHNOLOGY REQUIREMENT 


DESCRIPTION: MILESTONES AND RESOURCES REQUIREMENTS: 

• TECHNOLOGY TRANSFER 

THERMAL ANALYSIS APPLED TO FLEXSEAL AND 
PHENOLIC MANDREL TOOL DESIGN 
■ COMMON DE9IGN TOOL 
- UNIFORM PART CURES 

* HIGH PAYBACK IMMEDIATE IMPLEMENTATION ON 
ARMS CONTRACT 


BACKGROUND A RELATED FACTORS: RECOMMENDED ACDON8: 

• DEFICIENCIES:: • IDENTIFY CRITICAL TOOLING ANO IMPOSE THERMAL 

. CURRENT TOOLING DESIGN CRfTERlA ARE ONLY ANALYSI9 AS A CONTRACT REQUIREMENT 

STRESS-BASED * IMPLEMENT COMMON DESIGN TOOLS FOR BOTH 

. NON-UNIFORM HEAT TRANSFER CAN RESULT COMPONENT DESIGN AND TOOL DESIGN {CAD 

- MATERIAL VARIATION DETRIMENTAL TO SYSTEM) 

PERFORMANCE 

• SYSTEMS APPLICATIONS: 

- ALL SRM CURE TOOLING 

• BENEFITSPAYOFFS: 

- REDUCED FABRICATION COST 

- IMPROVED PRODUCTION TIME 


DESCRIPTION: 

• TECHNOLOGY TRANSFER 

• ANALYSIS ANO TESTING KNOW-HOW AND TOOLS MUST BE 
DISTRIBUTED TO GOVERNMENT ANO INDUSTRY TO 0 STAIN 
PROPER BENEFIT OF RAO EXPENSES 

• CURRENT PROBLEMS ARE VERY MULTMXSCFLINAHY WHICH 
COMPLICATES TECHNOLOGY TRANSFER 

MILESTONES AND RESOURCES REQUIREMENTS: 

BACKGROUND A RELATED FACTORS: 

RECOMMENDED ACTIONS: 

• A RECENT NASA STUDY RECOMMENDED AN INDUSTRY WIDE 

• CONDUCT A MUTARY HANDBOOK PROJECT FOR HIGH 

MILITARY HANDBOOK PROJECT TO DEVELOP DESKS K/ANALYM 

TEMPERATURE COUPOBfTES 

DATA FOR CARBON-CARBON ANO CARBON-PHENOUC 

• PATTERN AFTER MUTARY HANDBOOK 17 FOR COMPOSITES 

• THERE IB A MEED FOR STANDARDIZED TESTING METHODS TO 

• SELECT A MUTARY SPONSOR 

IMPROVE THE RELIABILITY ANO CREDIBUTY OF DATA 

• APPOINT ANO FIND AN EXECUTIVE COMMITTEE TO PLAN 

• NEW MATERIALS HAVE TEST REQUIREMENTS 

SEMNARS, OVERSEE DOCUMENTATION OF HANDBOOKS AND 

• NEW ANALYSIS PROCEDURES REQUIRE PEER REVIEW 

MEET OUARTERLY 

■ PERIODIC SEMINARS HAVE BEEN SHOWN TO BE AN 

• APPOINT AND FUND A HANDBOOK EDITOR 

EXCELLENT VEHICLE FOR TECHNOLOGY TRANSFER 

• SPONSOR ROUNO-ROBIN TEST ACTIVITIES 

• COMPUTERIZED AND CENTRALIZED DATA BASES ARE 

• HOLD SEMINARS TWICE A YEAR 

NEEDED TO GET THE MOST BENEFIT FROM DATA 

• INVrTE ANALYSIS. TEST ANO DESIGN PEOPLE FROM ALL 

ACOUtSIDON PROGRAMS 

COMPANIES AND GOVERNMENT AGENCIES INVOLVED IN SOLD 

• SYSTEMS APPLICATIONS: 

ROCKET NOZZLE RELATED RAO 

• ALL SRMi 

• SELECT. DESIGN AND IMPLE1CNT A CENTRALIZED COMPUTER 

• BENEFIT LAYOFF: 

DATA BASE FOR MATERIAL PROPERTY DATA 

• IMPROVED COMMUNITY^UITURE, IMPROVED RELIABILITY, 

• PUBLISH AN BHTIAL VERSION OF BOTH HARDWARE AND SOFTWARE 

MORE EFFICIENT DESJG N/AN AL YSO AND COST SAVING 

FORMB 

• UPDATE THE HANDBOOK ANNUALLY 

• PROVIDE TESTING OWOCUNES TO GOVERNMENT PROJECTS 

• SPONSOR TEST METHOO DOCUMENTATION FOR PEER REVIEW 
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LIQUID PROPULSION SYSTEMS SUB-PANEL 

ISSUES/TECHNOLOGY REQUIREMENTS 

DESCRIPTION: 

MILESTONES AND RESOURCE REQUIREMENTS: 

• MPROVED COMBUSTION CHAMBER MATERIALS 

* REGENERATrVELY COOLED 

• RADIATION COOLED 

• STME COMBUSTION CHAM8ER. (IMS) (ENABLWG) 

BACKGROUND A RELATED FACTORS: 

RECOMMENDED ACTIONS: 

• THERMAL ENVIRONMENTS. LG. HIGH 

TEMPERATURES, HIGH STRAWS, LIMIT LIFE N 
CURRENT (SSME) COMBUSTION CHAMBER 
- M PROVED CONDUCTIVITY, HIGHER STRENGTH 
WOULD EXTEND LIFE, LOWER UFE CYCLE COSTS 

. MATERIAL DEVELOPMENT REQUIRED TO SUPPORT 
SMALLER THRUSTERS FOR LUNAfVMARS MISSIONS 

• MATERIAL DEVELOPMENT ACTIVATES HIGH 
CONDUCTIVITY MATERIALS 

- HIGH TEMPERATURE (>S000F) MATERIAL SYSTEMS 

- THERMAL BARRIER COATINGS 

- METAL MATRIX COMPOSITES 

• METAL/COMPOSITES JACKET 

• CERAMIC MATRIX COMPOSES 

• METAL -COATED COPPER UNER (BLANCH 
RESISTANCE) 


DESCRIPTION: 

• IMPROVED TURBOPUMP MATERIALS 


MILESTONES AND RESOURCE REQUIREMENTS: 


BACKGROUND A RELATED FACTORS: 

RECOMMENDED ACTIONS: 

• HISTORICALLY, MATERIALS HAVE BEEN A LWITWG 

• HYDROGEN-RESISTANT MATERIAL 

FACTOR W TURBOPUMP DEVELOPMENT 
i rr i ftirTMft M SSMF 

• MPROVED TURBINE BLADE MATERIALS 

• MATERIALS ANO PROCESSES UUITINQ DESIGN N 

• COMPOSITES 

STME TURBOPUMPS 

- METAL 

* PROMISING MATERIALS EXIST, BUT DEVELOPMENT TO 

• CERAMIC 

m i tr m j r*r ii t 

ENGINEERED MATERIAL STATUS USUALLY LAGS 

* nrERMETAUJC 

DESIGN REQUIREMENTS. AS A RESULT, 

- POLYMERC 

PERFORMANCE IS LIMITED BY MATERIAL CAPASUTY 

• TTTANIUM/TrrANIUM ALUM NOES 

• COMPLACENCY PROBLEM- DESIGNERS BELEVE 
MATERIALS ANO PROCESSES WLL BE THERE WHEN 

• OXYGEN AND CRYOGEN COMPATBLE ELASTOMERS 

NEEDED 

• POWDER METAL ALLOYS 
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LIQUID PROPULSION SYSTEMS SUB-PANEL 

ISSUES/TECHNOLOGY REQUIREMENTS 


DESCRIPTION: 

• IMPROVED NOZZLE MATERIALS 


MILESTONES AND RESOURCE REQUIREMENTS: 


BACKGROUND A RELATED FACTORS: 

• B4 PROVED, MORE EFFICIENT NOZZLE FABRICATION 
CONCEPTS REQUIRE MATERIALS WITH SUPERIOR 
STRENGTH/ WORKABL1TY CHARACTERISTICS 

• PROJECTED DEEP SPACE MISSIONS REQUIRE 
LONGER UF E/LIGHTER WEIGHT NOZZLE DESIGNS 


RECOMMENDED ACTIONS: 

• CERAMIC/ REFRACTORY COMPOSITE NOZZLES 

• HIGH STRENGTH HIGH ELONGATION SHEET 
MATERIALS 

• METAL MATRIX COMPOSES 

• HX3H TEMPERATURE ELASTOMERIC SEALANTS AND 
ADHESIVES 


DESCRIPTION: 

• DEVELOP GLOBAL MATERIALS AND PROCESSES DATA 
BASE 

MILESTONES AND RESOURCE REQUIREMENTS: 

BACKGROUND A RELATED FACTORS: 

RECOMMENDED ACTONS: 

• DESIGN EFFORTS LIMITED BY LACK OF INFORMATION 

• NASA WDE MATERIALS DATA BASE WORMNG GROUP 

ON MATERIALS AND PROCESSES 

- 3TME WORKNQ GROUP AS STARTING POUT 

- WADEOUATE COLLECTION AND DISSEMINATION OF 

- CONSORTIUM FOR MATERIALS TESTNG TO FEED 

MATERIALS ANO PROCESSES DATA 

DATABASE 

- INAPPROPRIATE FORM OF DATA-NOT RESPONSIVE 

- STANDARDIZE TEST METHOOS 

TO CONTEMPORARY ANALYSIS METHODS 

- EXPAND/UPDATE DATA REPORTING FORMAT 

• COMPANIES BECOME LOCKED INTO FAM11AR 

- FRACTURE MECHANICS 

MATERIALS 

- LOW/HIGH CYCLE FATIGUE 

- ENVIRONMENTS EFFECTS 

- PROCESSHG HISTORY. nL 

• COMPUTERIZE DATA BASE AND IMPROVE 
ACCESSIBILITY 

• DEVELOP ARTIFICIAL NTEUJGENCE FOR MATERIALS 
AND PROCESS S&ECTION 
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LIQUID PROPULSION SYSTEMS SUB-PANEL 

ISSUES/TECHNOLOGY REQUIREMENTS 


DESCRIPTION: MILESTONES AND RESOURCE REQUIREMENTS: 

• LIQKTWIQHT MATERIALS DEVELOPMENT 
(STRUCTURAL) 


BACKGROUND A RELATED FACTORS: RECOMMENDED ACTIONS: 

• REDUCED WEIGHT IS A MAJOR DESIGN GOAL • ALUWINUM-tfTHAJU 

• NON-METALLC ENGINE COMPONENTS TANKS 
■ PLUMB NG 
• VALVES 

- NOZZLES 

- TURBOPUMP COMPONENTS 


DESCRIPTION: 

MILESTONES AND RESOURCE REQUIREMENTS: 

• LIGHTWEIGHT NSUUTX)N MATERIALS DEVELOPMENT 

• (EPA DRIVEN REQUIREMENTS) (ENABLWG) 

BACKGROUND & RELATED FACTORS: 

RECOMMENDED ACTIONS: 

• EPA RESTRICTIONS DC TATE MAJOR CHANGES 

. CFC-FREE MATERIALS DEVELOPMENT 

N CURRENT MATERIAL FORMULATIONS 
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LIQUID PROPULSION SYSTEMS SUB-PANEL 

ISSUES/TECHNOLOGY REQUIREMENTS 


DESCRIPTION: 

MILESTONES AND RESOURCE REQUIREMENTS: 

• DEVELOPMENT HARDWARE FOR STME AND 

• HARDWARE 

IMPROVED SSME AMCC CONFIGURATIONS 

• HOT FHE TEST 

BACKGROUND & RELATED FACTORS: 

RECOMMENDED ACTIONS: 

• CANDIDATE ADVANCED MAIN COMBUSTION 

• PROVOE TWO DEVELOPMENTAL AMCCs FOR EACH: 

CHAMBER (AMCC) CONFIGURATIONS FOR STME AND 

- LOB 

IMPROVED SSME ARE LACKING DEVELOPMENT 

• VPS 

HARDWARE FOR: 


- 1©D (LIQUID INTERFACE DIFFUSION BONDING) 

• VERIFY BY: 

- VPS (VACUUM PLASMA SPRAY) 

TESTING 

- MATERIAL AND BONO JOINT EVALUATIONS 


DESCRIPTION: 

MILESTONES ANO RESOURCE REQUIREMENTS: 

• DEVELOP A TRULY ONE SHOT CHAMBER ANO NOZZLE 


SUCH AS USED ON SOLID ENGINES 


BACKGROUND A RELATED FACTORS: 

RECOMMENDED ACTIONS: 

• ONE OF THE MOST EXPENSIVE PARTS OF THE 

• BEGN TESTING AND DESIGN COMPOSITE 

ROCKET ENGINE IS THE THRUST CHAMBER ANO 
NOZZLE, USUALLY BECAUSE rT IS DESIGNED FOR 
10-20 USES NEEDED TO QUALIFY AN ENGINE 
SYSTEM. A TRULY EXPENDABLE SYSTEM DESIGNED 
FOR ONE FIRING COULD SIGNIFICANTLY REDUCE 
COST OF AN ENGINE 

CERAMIC TYPE NOZZLE 
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UQUID PROPULSION SYSTEMS SUB-PANEL 

ISSUES/TECHNOLOGY REQUIREMENTS 

DESCRIPTION: 

MILESTONES AND RESOURCE REQUIREMENTS: 

• DIAGNOSTIC/PROGNOSTIC HEALTH MONITORING 
SYSTEMS SUPPORT (COMPONENT DURABILITY 
MODELS) 

• S250K/YR FOR DESIGN FTEST TIME FRAME OF ENGINE 

BACKGROUND A RELATED FACTORS: 

RECOMMENDED ACTIONS: 

• ENGINE SYSTEM DURABILITY ANO RELIABILITY 

• DEVELOP COMPONENT DURABILITY MODELS 
RELATING DAMAGE TO MISSION HBTORY/ENGINE 

• ENABLING TECHNOLOGY 

PERFORMANCE /USAGE FOR RELEVANT 

. IMPROVED RELIABILITY 
• REDUCED MAINTENANCE 

COMPONENTS 


DESCRIPTION: 

• REDUCE FRICTION, GALUNG. AND BINDNG 

PROBLEMS IN PROPULSION SYSTEM COMPONENTS 
WHICH HAVE METAL TO METAL SLDNG SURFACES 
(POPPETS, PISTONS. GUIDES) 


MILESTONES AND RESOURCE REQUIREMENTS: 

• MATERIALS CHARACTERIZATION PROGRAM 
• 14 YEARS, 500YEAR 

• DEMONSTRATION PROGRAM 
. 14 YEARS. 100CYYEAR 


BACKGROUND A RELATED FACTORS: 

• SLIDING METAL SURFACES M FLOW CONTROL 
DEVICES SUCH AS VALVES AND REGULATORS TEH) 
TO GALL AND STICK 


RECOMMENDED ACTIONS: 

• INITIATE DEVELOPMENT PROGRAM TO INVESTIGATE 
THE POSSIBILITY OF US MG CERAM C MATERIALS 
FOR COMPONENT PARTS TO ALLEVIATE THE 
METAL-TO-METAL SLICING SURFACE PROBLEMS 

• DEMONSTRATE BY TEST CERAMIC COMPONENT 
PARTS M RELEVANT ENVMONMENTS 
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LIQUID PROPULSION SYSTEMS SUB-PANEL 

ISSUES/TECHNOLOGY REQUIREMENTS 


DESCRIPTION: 

• DEVELOP LIGHT WE IGHT PROJECTILE SHIELDING FOR 
SPACE PROPULSION SYSTEMS 


MILESTONES AND RESOURCE REQUIREMENTS: 

• SURVEY EXISTING TECHNOLOGY 

• BUU3 PROTOTYPE SHCLD 

- 1 YEAR. 500 

• TEST SHCLOS AT WSTF 

- 1 YEAR. 900 


BACKGROUND A RELATED FACTORS: 

• THE METEORITE/SPACE DEBRIS SHIELDING FOR THE 
SSF PROPULSION MOOUlf WEIGHS 1300 LBS. 
(MODULE STRUCTURE WEIGHS 1000 LBS.) 


RECOMMENDED ACTIONS: 

• DEVELOP LIGHTWEIGHT MATERIALS FOR USE AS 
SH ELDING AGAINST PROJECTILES UOVWG AT 
ORBITAL VELOCmES, BULD THE SHELDS ANO TEST 
THEM AT NASA's HAZARDOUS HYPERVELOCITY 
UP ACT FACILITY AT WHITE SANDS 


DESCRIPTION: 

* GELLED PROPELLANTS FOR OTVs, EARTH-TOORBrT 
BOOSTERS, AND SPACE TRANSFEREE! VEHICLES 


MILESTONES ANO RESOURCE REQUIREMENTS: 

• DEMONSTRATE GEL PROPELLANT CAPABUTES AND 
PROPERTES 

• ESTABLISH SYSTEM A COMBUSTION DESIGN CRITERIA 

• ESTABLISH SYSTEM BENEFITS A TECHNOLOGY IMPACTS 

• CONDUCT DEMONSTRATION ANO VALDATON TESTS 

• COMPLETE FULL SCALE DEVELOPMENT 

• ESTABLISH RESOURCE REQUIREMENTS TO 
ACCOMPLISH THE ABOVE 


BACKGROUND A RELATED FACTORS: 

• GELLED PROPELLANTS ARE LIQUID FUELS AND 
OXIDIZERS THAT HAVE SPECIAL GELLING AGENTS AND 
METALS ADOED TO FORM THIXOTROPIC COMPOUNDS 
WITH INCREASED SAFETY AND PERFORMANCE 

• BOTH EARTH STORABLES ANO CRYOGENIC (LOfcrtXj) 
PROPELLANTS CAN BE GELLED TO INCREASE DENSITY, 
PERFORMANCE, AND TO SUPPRESS THE DOING PONT 

• GELLED LH2 SLUSH AND GELLED LH^90LK) ON 

• SPECIFIC BENEFITS NCLUDE: 

- HIGH PROPULSIVE PERFORMANCE 

• HIGH DENSITY A BOAING POINT SUPPRESSION 

- PACKAGING FIEXB1ITY AND EFFICIENCY 

- GREATLY IMPROVED SAFETY OVER LOUCS A SOLOS 

- ENERGY MANAGEMENT (THROTTLING, PULSING, ETC.) 

• HIGH MASS FRACTION 


RECOMMENDED ACTONS: 

• CONDUCT MISSION/SYSTEM ANALYSES TD DENTIFY 
TECHNOLOGY IMPACTS AND REQUIREMENTS 

* CONDUCT TECHNOLOGY PROGRAMS TO DEVELOP 
ADVANCED HIGH PERFORMANCE GELS 

• CHARACTERIZE GELS W THE LABORATORY 

* DESIGN A DEVELOP GEL PROPULSION SYSTEM 

• ESTABLISH GEL PROPULSION TESTBED 

* CONDUCT FULL SCALE DEVELOPMENT 
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Space Transportation Structures and Materials Workshop 

Propulsion Systems Panel 


LIQUID PROPULSION SYSTEMS SUB-PANEL 

TECHNOLOGY TRANSFER 


FINDINGS: 

• THE PREVAILING APPROACH TO TECHNOLOGY TRANSFER CAN BE STATED AS 
FOLLOWS: 

- "ESTABLISH COOWNERSHIP OF TECHNOLOGY PROGRAMS" 

• "PROMOTE CONSTANT DIALOGUE BETWEEN TECHNOLOGISTS AND SYSTEM 
DEVELOPERS" 

- "REQUIRE VALIDATION OF TECHNOLOGY IN APPROPRIATE ENVIRONMENT 
AND CONFIGURATION * DONT PLACE BURDEN OF PROOF ON SYSTEM 
DEVELOPERS 

• A MECHANISM IS REQUIRED TO FORCE THAT PROCESS 

RECOMMENDATIONS: 

• A NASA BUDGET LINE ITEM FOR A NATIONAL COMPONENT/SUB-SYSTEM TEST 
BED PROGRAM, DEDICATED TO TECHNOLOGY VALIDATION 


COMMENTS 

• COMPLACENCY PROBLEM: PROJECTS BELIEVE MATERIALS AND PROCESSES 
WILL BE THERE WHEN NEEDED 

• ORGANIZATIONS TEND TO BECOME "LOCKED IN" TO FAMILIAR MATERIALS 

- THE SITUATION IS EXACERBATED BY NEAR-SIGHTED MATERIAL 
DEVELOPMENT EFFORTS 

• TECHNOLOGIES/PRIORITIES EMERGING FROM THIS WORKSHOP REPRESENT 
A CURRENT SNAPSHOT. A MECHANISM SHOULD BE PROVIDED FOR 
PERIODIC UPDATE 

- STEERING COMMITTEES? 

• NASP: TOO FAR ALONG TO BE DRIVER TO THIS MEETING, BUT SHOULD 
BENEFIT FROM LONG-RANGE INITIATIVES 

• P ARALLEUCOMPLEMENTARY DEVELOPMENT PROGRAMS NEED TO BE 
COORDINATED WITHIN THE GOVERNMENT 
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NUCLEAR ELECTRIC PROPULSION 



row» 

MANAGEMENT 

AND 

Dmuiimow 


REACTOR 

POWER CONVERSION SYSTEM 

RADIATORS 

PMAD 

ION THRUSTER 


KEV REQUIREMENTS 

•1700K ♦ 7-10YRS-4 CYCLES 
•1700K + 7- 1 OYRS-1 (P CYCLES 
•1200K+ 7-10 YRS- e>0.9 
•HI RAD FLUX 

•Cs Erosion Resistance, High alpha 


| • SP-100 - COMPONENTS UNDER DEVELOPMENT-NO SYSTEMS TEST 

I *PWC-11 CREEP 

•W/Nb COMPOSITE FUEL CLAD MATERIAL 
•G/Cu RADIATOR MATERIAL 


GAPS I • REFRACTORY METAL DESIGN/VALIDATION 


NEEDS & 
OPPORTUNITIES 


• STRUCTURAL ALLOY WITH 
DENSITY - 6-8 


PRIORITIES RATIONAL 
* 
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NUCLEAR ELECTRIC PROPULSION 


SUMMARY OF KEY MATERIAL REQUIREMENTS 


SUBSYSTEM 


1 

REACTOR 

CHOICE 

MAJOR NEEDS 

FUEL 

(U/ZR) C 

•STOICHIOMETRY 

CONTROL 


2 

CHOICE MAJOR NEEDS 

(W/U02) • FISSION PRODUCT 

CONTAINMENT COATING 


•STABILITY TO 3000K 
IN »2 

FUEL CLAD PWC-11 -PRODUCTION Re • WELDING 

OPTIMIZATION OPTIMIZATION 


POWER CONVERSION 
SYSTEM 


• BRAYTON FRS 

-TURBINE 


•FAB TECH FOR RADIAL MO • OATA BASE 

•DATABASE 


• STIRLING 

-TUBING 

-SEALS 


•DEVELOP COMPOSITE 
•DATABASE 


NUCLEAR/ELECTRIC PROPULSION SUB-PANEL 


DESCRIPTION: 

MILESTONES AND RESOURCE 
REQUIREMENTS: 

BACKGROUND ft RELATED FACTORS 

. SOA 

■ PAST EFFORT 
• ONGOING PROGRAMS 
- LEVEL OF EVOLUTION 
. TECHNOLOGY GAPS 

. BENEFITS IF ALL GAPS 

RECOMMENDED ACTIONS: 
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7.3 ENTRY SYSTEMS PANEL 
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